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(54) IMPROVEMENTS IN OR RELATING TO 
PROSTAGLANDINS AND THE PREPARATION THEREOF 

(71) We, THE UPJOHN COMPANY, a corporation organized and existing 
under the laws of the State of Delaware, United States of America, of 301 Henrietta 
Street, Kalamazoo, State of Michigan, United States of America, do hereby declare 
the invention, for which we pray that a patent may be granted to us, and the method 
5 by which it is to be performed, to be particularly described in and by the following 5 
statement: — 

This invention relates to novel organic compounds, and to methods for producing 
them. In particular, the several aspects of this invention relate to novel analogs of some 
of the known prostaglandins, for example, prostaglandin E t (PGE t ), prostaglandin 
10 Ez (PGEa), prostaglandin F, (PGF la and PGF W ), prostaglandin F 2 (PGF •>„ and 10 
PGF M ), prostaglandin A, (PGA,), prostaglandin A. (PGA 2 ), prostaglandin B, (PGB l ), 
prostaglandin B 2 (PGB,), and the dihydro derivatives of PGE„ PGFi„, PGF, 0 , PGA,, 
and PGBi, and to novel methods for producing those novel prostaglandin analogs. 
Each of the above-mentioned known prostaglandins is a derivative of prostanoic 
15 acid which has the following structure and atom numbering: . . 15 
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A systematic name for prostanoic acid is 7-t(2ii5-octyl)-cyclopent-l<r-yl]heptanoic acid. 
PGE X has the following structure: 



.COOH 





H OH 



PGFi/j has the following structure: 




PGAi has the following structure: 
0 



COOH 




10 



H *0H 

PGBj has the following structure: 



10 



V^x-^s^COOH 



15 



Each of the known prostaglandins PGE 2 , PGF 2a , PGF^, PGA 2 , and PGB 2 has 
a structure the same as that shown for the corresponding PC^ compound except that 
in each, C-5 and C-6 are linked with a as carbon-carbon double bond. For example, 
PGEg has the following structure: 




15 



20 



Each dihydro derivative of PGEi, PGF lc , PGF 1?3 , PGAj, and PGBi has a struc- 
ture the same as that shown for the corresponding PGi compound except that in each, 
C-13 and C-14 are linked with a carbon-carbon single bond. For example, dihydro- 
PGEj has the following structure: 



20 
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The prostaglandin formulas mentioned above each have several centers of 
asymmetry. Each formula represents the particular optically active form of the prosta- 
glandin obtained from certain mammalian tissues, for example, sheep vesicular glands, 
swine lung, and human seminal plasma, or by reduction or dehydration of a prosta- 

5 glandin so obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1 (1968), 5 
and references cited therein. The mirror image of each formula represents a molecule 
of the enantiomer of that prostaglandin. The racemic form of the prostaglandin con- 
sists of equal numbers of two types of molecules, one represented by one of the above 
formulas and the other represented by the mirror image of that formula. Thus, both 

10 formulas are needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for 10 
discussion of the stereo-chemistry of the prostaglandins. 

In formulas I, II, III, IV, V and VI, as well as in the formulas given hereinafter, 
broken line attachments to the cyclopentane ring indicate substituents in alpha con- 
figuration, i.e., below the plane of the cyclopentane ring. Heavy solid line attachments 

15 to die cyclopentane ring indicate substituents in beta configuration, i.e., above the 15 
plane of die cyclopentane ring. 

Prostaglandins with carboxyl-terminated side chains attached to the cyclopentane 
ring in beta configuration are also known. These are derivatives of 8-iso-prostanoic 
acid which has the following formula: 



20 



C00H 



3 A systematic name for 8-iso-prostanoic acid is 7- [(2^-octyl)-cyclopent-l^-yl]hephanoic 

acid. 

The novel prostaglandin analogs of this invention each have an oxa oxygen (— <J— ) 
* and a divalent phenylene radical 



25 



(-Cf) 



20 



25 



in the carboxyl-terminated side chain of the prostanoic acid structure (I) or the 8-iso- 
prostanoic aicd structure (VII). These divalent groups are located between the carboxyl 
group and the cyclopentane ring, and are either in addition to the six methylene radi- 
cals of said chain or in place of one to five of said methylene radicals. Bonding to the 

30 phenylene ring is either ortho, meta, or para. The oxa group is between the phenylene 30 
radical and the carboxyl group, , 

Some of the novel prostaglandin analogs of this invention also have, in addition, 
a benzene ring as part of the C-13 to C-20 chain of the prostanoic acid structure (I) 
or 8-iso-prostanoic acid structure (VII). That benzene ring is present as a substituted 

35 or unsubstituted phenyl radical attached as a substituent to one of the methylenes 35 
between C-15 and the terminal methyl of the prostanoic acid or 8-isoprostanoic acid 
structure. Alternatively, the substituted or unsubstituted phenyl radical is attached 
to the terminal or omega carbon of the C-16 to C-20 portion of the chain, replacing 
one of the hydrogens of the terminal methyl, the entire terminal methyl, or the terminal 

40 methyl plus one to four of the methylenes adjacent to that terminal methyl. 40 
For example, five of the novel prostaglandin analogs of this invention are repre- 
sented by the formulas: 



4 



1,343,014 



o^cooh 





10 



15 



20 



25 



30 



35 



45 




0-Ctf 2 CH 2 COOH 



xrr 



Based on its relationship to PGE X and prostanoic acid, the compound of Formula VIII 
is named ^-oxa^-^er-p-phenylene-PGE!. Similarly, the compound of Formula IX 5 
is named 13,14 - dihydro - 15 - beta - 3 - oxa - 3,6 - inter - m - phenylene - 4,5 - di- 
nor - PGF la , the compound of Formula X is named 8 - iso - 3 - oxa - 19 - phenyl - 
4,7 - inter - m - phenylene - 5,6 - dinor - PGA l3 the compound of Formula XI is 
named 3 - oxa - 16 - (4 - chlorophenyl) - 3,5 - inter - o - phenylene - 4,17,18,1920 - 
pentanor - PGF 2/J , and the compound of Formula XII is named 5,6-dehydro-4-o\-a- 10 
4,5-mter-wz-phenylene-PGB 2 . 

These names for the compounds of Formulas VIII to XII are typical of the names 
used hereinafter for the novel compounds of this invention. These names can better be 
understood by reference to the structure and numbering system of prostanoic acid 
(Formula I, above). That formula has seven carbon atoms in the carboxy-terminated 15 
chain and eight carbon atoms in the hydroxy-containing chain. In these names, "3-oxa" 
and '4-oxa" indicate an oxa oxygen (— O— ) in place of the 3-methylene and 4- 
methylene, respectively of the PG compound. 

The use of "nor", "dinor", "trinor", "tetranor", "pentanor", and "hexanor" in 
the names for the novel compounds of this invention indicates the absence of one or 20 
more of the chain carbon atoms and the attached hydrogen atoms. The number or 
numbers m front of nor, dinor, etc., indicate which of the original prostanoic acid 
carbon atoms are missing in the named compound. 

Each of the names of the novel compounds of this invention contains (inter-p- 
phenylene), (znfer-w-phenylene), or (inter-a-phenylene), preceded by two numbers. 25 
That indicates that ^-phenylene, w-phenylene, or o-phenylene has been inserted 
between (inter) the two carbon atoms so numbered in the formula of prostanoic acid. 

Thus, Formula X differs from iso-prostanoic acid in that an oxa oxygen replaces 
carbon 3, carbons 5 and 6 of prostanoic acid are missing, ra-phenylene has been inserted 
between carbons 4 and 7 of prostanoic acid, and a phenyl has been attached to carbon 30 
19 of prostanoic acid. Formula X also, of course, is an A type prostaglandin, having 
a carbonyl oxygen and a 10:11 double-bond. - - 

Novel compounds of this invention with the carboxyl-terminated chain attached 
to the cyclopentane ring in beta configuration are 8-iso compounds (Formula VII), 
and are so designated by using "8-iso" in the name. An example is the name given 35 
above for the compound of Formula X. If 8-iso does not appear in the name, attach- 
ment of the carboxy-terminated chain in alpha configuration is to be assumed. 

Novel compounds of this invention with epi configuration for the hydroxy at C-15 
are so designated by using "15-beta" in the name. An example is the name given above 
for the compound of Formula IX. If 15-beta does not appear in the name, the natural 40 
configuration for the C-15 hydroxy, identified as the "S" configuration for PGE, is 
to be assumed. 

Some of the novel compounds of this invention differ structurally in other ways 
from the known prostanoic acid derivatives, having for example, more or fewer carbon 
atoms in either chain, and having one or more alkyl and/or fluoro substitutents in the 45 
chains. 

The following formulas represent the novel oxaphenylene compounds of this inven- 
tion. 
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L,c-c j%/ _^ CpH2 ' r0 - Q, ^ COOR " 
< aa xxnr 



?2 — / c P H 2r° 7C< ? H 2q-coo/?, 



?i ^CpH 2 p-0-CqH?q-COOR, 



f2 ?5 *6 ^^CpHgp-O-CqW^q-COORj 



?2 / _^CpH Zp -0-C 1 H 2( ,-C00R ( 
• \ >CH-CaC-CjH 2 j-/-^- ■ 

OC ^ 3X211 

*2 CpH2p-0-CqH 2 q-COORj 

<T oh mnr 

Fonnulas XIII, XIV, XV and XVI represent oxa-phenylene compounds of the PGE 
10 type. Formulas XVII, XVIII, XXIX, and XX represent oxa-phenylene compounds 
of the PGF type. Formulas XXI, XXII, XXIII, and XXIV represent oxaphenylene 
compounds of the PGA type. Formulas XXV, XXVI, XXVII, and XXVIII represent 
oxa-phenylene compounds of the PGB type. 
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In Formulas XIII to XXVIII, Rx is hydrogen, alkyl of one to 8 carbon atoms, 
inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms, 
inclusive, phenyl, phenyl substituted with one to 3 chloro or alkyl of one to 4 carbon 
atoms, inclusive, or ethyl substituted in the ^-position with 3 chloro, 2 or 3 bromo, or 
5 1, 2, or 3 iodo. R 2 , R 3 , R 4 , R 5 , and R 0 are hydrogen or alkyl of one to 4 carbon atoms, 5 
inclusive. 

In Formulas XIII to XXVIII, C Q H 2q represents alkylene of one to 6 carbon atoms, 
inclusive, with one, 2, or 3 carbon atoms between — 0 — and — COORi; CpH 2p repre- 
sents a valence bond or alkylene of one to 6 carbon atoms, inclusive, with one, 2, 3, 

10 or 4 carbon atoms between the ring and the — 0 — . 10 
In Formulas XIII, XVI, XVII, XX, XXI, XXIV, XXV, and XXVIII, 
CgH 2e represents a valence bond, i.e., wherein g is zero, or alkylene of one to 8 carbon 
atoms, inclusive, with one, 2, 3, or 4 carbon atoms between — CHR 2 — and the ring. 
C e H 2ff , CpH 2p , and C q H 2q together represent one to 20 carbon atoms, inclusive, with 

15 totaf chain lengths of one to 5 carbon atoms, inclusive. 15 
In Formulas XIV, XV, XVIII, XIX, XXII, XXIII, XXVI, and XXVII, QH 23 
represents a valence bond, i.e., wherein j is zero, or alkylene of one to 5 carbon atoms, 
inclusive, with one or 2 carbon atoms between =CR C — , or =C — and the ring, with 
the proviso that the total carbon-atom content of — CR C =CR 4 . — QH 2j — does not 

20 exceed 8, CjH 23 , CpH 2P , and C q H 2q together representing one to 17 carbon atoms, inclu- 20 
sive, with total chain lengths one to 3 carbon atoms, inclusive. 

In other words, regarding the meaning of QH 2S , CjH 2j , CpH 2P , and C q H 2q as 
defined above, the novel compounds of this invention include compounds wherein a 
carbon atom of the phenylenc radical is attached directly to — CHR 2 — or to =CR 6 — , 

25 or is =G— in ortho, meta, or para orientation relative to the oxa-containing portion 25 
of the carboxyl chain. When QH 2S represents alkylene, the chain of carbon atoms 
which connects — CHR 2 to a carbon atom of phenylene will be one, 2, 3, or 4 carbon 
atoms long. When QHoj represents alkylene, the chain of carbon atoms which con- 
nects =CR C — or =C-^ to a carbon atom of phenylene will be one or 2 carbon atoms 

30 long. CpHop represents a valence bond or alkylene of one to 6 carbon atoms, inclusive, 30 
with one, 2, 3, or 4 carbon atoms between the ring and the — O — . C q H 2q always repre- 
sents alkylene, i.e., — COORx is not attached directly to the oxa group, the alkylene 
chain being one, 2, or 3 carbon atoms long. Any or all of these alkylene chains are 
unsubstituted or substituted with alkyl carbons in the form of one or more alkyl groups 

35 within the total carbon content of each chain as specified above, i.e., 8 carbons for 35 
C g H 2C , 5 carbons for QH 2j , 6 carbons for C p H 2p , and 6 carbons for CqH^. When 
QH 2e or QHaj is alkylene/ it is the same as or different than C p H 2p or C q H 2q , 20 
carbon atoms being the maximum total carbon content and 5 carbon atoms being the 
maximum total chain length for the combination of QH 2g , C p H 2p , and CdH 2q , and 17 

40 carbon atoms being the maximum total carbon content and 3 carbon atoms being the 40 
maximum total chain length for the combination of QH 2i , C P H 2P , and QHs^. The 
latter combination is subject to the proviso that the total carbon atom content of 
— CR 3 =CR 0 — QH 2J — , wherein R 5 and R c are hydrogen or alkyl of one to 4 carbon 
atoms, inclusive, does not by itself exceed 8. To illustrate these definitions, when C e H 2C 

45 is trimethylene, CpH 2p and QHjq are methylene, or one of them is a valence bond and 45 
tthe other is ethylene, either of those with alkyl substituents, but not both as ethylene. 

In Formulas XIII to XXVIII, G represents hydrogen; alkyl of one to 10 carbon 
atoms, inclusive, substituted with zero, one, 2, or 3 fluoro; alkyl of 2 to 10 carbon 
atoms, inclusive, substituted with 4 or 5 fluoro on the omega and omega-minus-one 

50 carbon atoms; or a monovalent radical of the formula 50 



wherein C t H 2t represents a valence bond or alkylene of one to 10 carbon atoms, inclu- 
sive, substituted with zero, one, or 2 fluoro, with one to 7 carbon atoms, inclusive, 
between — CR3OH— and the ring; wherein T is alkyl of one to 4 carbon atoms, inclu- 
55 sive, fluoro, chloro, trifluoromethyl, or — OR 9 , wherein R 0 is hydrogen, alkyl of one 55 
to 4 carbon atoms, inclusive, or 2-tetrahydropyranyl, and s is zero, one, 2, or 3, with 
the proviso that not more than two T's are other than alkyl and when two or three T's 
are present as substituents they may be the same or different. 

The wavy line ^ in Formulas XIII to XXVIII indicates attachment of the group 
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to the ring in alpha or beta configuration. In the case of the compounds of Formulas 
XVII, XVIII, XIX, and XX, there are two wavy lines, and those formulas encompass 
compounds wherein the configurations of the hydroxy and the carboxyl-terminated 
radicals are, respectively, ft >a , and 

Formulas XIII to XXVIII include lower alkanoates i.e. derived from alkanoic 5 
acids of 1 to 8 carbon atoms, inclusive and also pharmacologically acceptable salts when 
is hydrogen. 

Also included in Formulas XIII to XXVIII are separate isomers wherein the side 
cham hydroxy is in * or /? (natural or epi) configuration. 

Included in Formulas XIV, XVIII, XXII, and XXVI, are both the -cis and the 10 
tiwzs compounds with respect to the carbon-carbon double bond in the carboxyl-termin- 
ated side chain. In all of the compounds containing — CH=CR4— , that carbon-carbon 
double bond is in trans configuration, and the chain containing R 4 is attached to the 
cyclopentane or cyclopentene ring in beta configuration in compounds encompassed 
15 by Formulas XIII to XXIV. 

The novel oxa-phenylene compounds of this invention include racemic compounds 
and both optically active enantiomeric forms thereof. As discussed hereinabove, two 
structural formulas are required to define accurately these racemic compounds. For 
convenience, only a single structural formula is used, for example, Formulas XIII to 
a* XXVIII, to define the racemic form and both enantiomeric forms of each group of 
novel prostaglandin analogs. Each formula is, however, to be construed as including 
said racemic forms and both of said optically active enantiomeric forms. 

Formula XIII represents S-oxa^-mfc^-phenylene-PGE! (Formula VIII 
hereinabove) when R 15 R 2 , Ra, and R 4 are each hydrogen, QHog is ethylene, CpHo p is 
25 methylene, C q H 2q is methylene, C e H 2g and CpH 2p are attached to the phenylene in para 25 
orientation, G is n-pentyl, the carboxyl-terminated side chain is attached to the cyclo- 
pentane ring in alpha configuration, and the configuration of the side chain hydroxy 
is alpha. J 

With regard to Formulas XIII to XXVIII, examples of alkyl of one to 4 carbon 
30 atoms, inclusive, or methyl, ethyl, propyl, butyl, and isomeric forms thereof. Examples 30 
of alkyl of one to 8 carbon atoms, inclusive, are those given above, and pentyl, hexyl, 
heptyl, octyl, and isomeric forms thereof. Examples of alkyl of one to 
10 carbon atoms, inclusive, are those given above, and nonyl, decyl, 
and isomeric forms thereof. Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, 
35 wliich includes alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl, 2,2- 35 
dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyi, cyclobutyl, 2-methyl- 
cyclobutyl, 3-propylcyclobutyl, 2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclo- 
pentyl, 3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl, 4-tert-butylcyclohexyl, 

3- isopropylcyclohexyl, 2,2-dimethylcyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, and 
40 cyclodecyl. Examples of aralkyl of 7 to 12 carbon atoms, inclusive, are benzyl, phen- 

ethyl, 1-phenylethyl, 2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(l-naphthylethyl), 
and l-(2-naphthyimethyl). Examples of phenyl substituted by one to 3 chloro or alkyl 
of one to 4 carbon atoms, inclusive, are p-chlorophenyl, w-chlorophenyl, tf-chlorophenyl, 
2,4-dichlorophenyl, 2,4,6-trichlorophenyl, p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p- 
tert-butylphenyl, 2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and 2,4-dichloro-3- 
methylphenyl. 

Examples of alkyl of one to 10 carbon atoms, inclusive, substituted with one to 
3 fiuoro, are 2-fluoroethyl, 2-fluorobutyl, 3-fluorobutyl, 4-fluorobutyl, 5-fluoropentyI, 

4- fluoro-4-methylpentyl, 3-fluoroisoheptyl, 8-fluorooctyl, 3,4-difluor6butyl,"4,4-difluoro- 

50 pentyl, 5,5-difluoropentyl, 5,5,-trifiuoropentyl, and 10,1 0,1 0-trifluorodecyl. 50 
Examples of alkyl of 2 to 10 carbon atoms substituted with 4 or 5 fiuoro on the 
omega and omega-minus-one carbon atoms are 1,2,2,2-tettafluoroethyl, 1,1,2,2,2-penta- 
fluoroethyl, 3,3,4,4-tetrafluorobutyl, 3,3,4,4,4 - pentafluorobutyl, 4,4,5,5-tetrafluoro- 
pentyl, 4,5,5,5-tetrafluoropentyl, 4,4,5,5,5-pentafluoropentyl, 6,6,7,7,7-pentafluoroheptyl 

55 and 9,9,10,1 0,10-pentafluorodecyl. * * j > r t> y ^ 

Examples of alkylene within the various scopes of C g H 2g , QHoj, C p Hop, C q H 2q and 
C t H 2t , as those are defined above, are methylene, ethylene, trimethylene, tetramethylene, 
pentamethylene, hexamethylene, and heptamethylene, and those alkylene with one or 
more alkyl substituents on one or more carbon atoms thereof, e.g., — CH(CH 3 ) — , 

— C(CH 3 ) 2 — , — CH(CH 2 CH 3 )— , -CH^CH^)--, — CH(CH 3 )-CH(CH 3 )-, 60 

— CHo— C(CH 3 ) 2 — — CH 2 — CH(CH,)-<:H 2 — , 

— CH 2 — CH 2 — CH(CH 2 CH 2 CH 3 )— , — CH(CH 3 )—CH(CH3)— CH 2 — CH,— , 
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— CH 2 — CH 2 — CH 2 — C(CH3)s— CH2— 
— CH 2 — CH^— CH 2 — CH 2 — CH(CH3)— , 
— CH 2 — CH2 — CH2 — CH2 — CH2 — C(CH3)2 — > 
— CH(CH 3 )— CH 2 — CH(CH S )— CH 2 — CH 2 — CHCCHa)— , 
5 and 5 

Examples of alkylene substituted with one or 2 fluoro and within the scope of 
C t H 2t , as defined above, are — CHF — CH 2 — , —CHF— CHF— , 

— CH 2 — CH 2 — CF 2 — , — CH2— CHF — CH 2 — , — CHs— CH 2 — CF(CH 3 )— , 

10 — CHa— CH 2 — CHs— CF 3 — , 10 

and 

—CHF — CH 2 — CH 2 — CH 2 — CH 2 — CH 2 — CH 2 — . 

Examples of 

■0* 

15 as defined above are phenyl, p-tolyl, w-tolyl, <?-tolyl, p-fluorophenyl, m-fluorophenyl, 15 
o-fluorophenyl, p-chlorophenyl, m-chlorophenyl, o-chlorophenyl, p-txifluoromethyl- 
phenyl, w-trifluoromethylphenyl, p-trifluoromethylphenyl, p-hydroxyphenyl, m- 
hydroxyphenyl, o-hydroxyphenyl, p-methoxyphenyl, w-methoxyphenyl, »z-methoxy- 
phenyl, o-methoxyphenyl, p-tetrahydropyran-2-yloxyphenyl, m-tetrabydropyran-2- 

20 yloxyphenyl, o-tetrahydropyran-2-yloxyphenyI, o-ethylphenyl, wi-isopropylphenyl, p- 20 
tert-butylphenyl, p-butoxyphenyl, 3,4-dimethylphenyl, 2,4-diethylphenyl, 2,4,6-tri- 
methylphenyl, 3,4,5-trimethylphenyl, 2,4-dichlorophenyl, 3,4-difluorophenyl, 2-chloro- 
4-methylphenyl, 2-fluoro-4-methoxyphenyl, 3,5-dimethyl-4-fluorophenyl, 2,6-dimethyl- 
4-hydroxyphenyl, and 2,4-di(trifluoromethyl)phenyl. 

25 PGE 1? PGE 2 , dihydro-PGEi, and the corresponding PGF a , PGF^ PGA, and 25 

PGB compounds/ and their esters, acylates, and pharmacologically acceptable salts, are 
extremely potent in causing various biological responses. For that reason, these com- 
pounds are useful for pharmacological purposes. See, for example, Bergstrom et al., 
Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those biological 

30 responses are systemic arterial blood pressure lowering in the case of the PGE, PGF/j, 30 
and PGA compounds as measured, for example, in anesthetized (pentobarbital sodium) 
pentolinium-treated rats with indwelling aorticand right heart cannulas; stimulation of 
smooth muscle as shown, for example, by tests on strips of guinea pig ileum, rabbit 
duodenum, or gerbil colon; potentiation of other smooth muscle stimulants; antilipolytic 

35 activity as shown by antagonism of epinephrine-induced mobilization of free fatty acids 35 
or inhibition of the spontaneous release of glycerol from isolated rat fat pads; inhibi- 
tion of gastric secretion in the case of the PGE and PGA compounds as shown in dogs 
with secretion stimulated by food or histamine infusion; activity on the central nervous 
system; decrease of blood platelet adhesiveness as shown by platelet-to-glass adhesive- 

40 ness, and inhibition of blood platelet aggregation and thrombus formation induced by 40 
various physical stimuli, e.g., arterial injury, and various biochemical stimuli, e.g., 
ADP, ATP, serotonin, thrombin, and collagen; and in the case of the PGE and PGB 
compounds, stimulation of epidermal proliferation and keratinization as shown when 
applied in culture to embryonic chick and rat skin segments. 

45 Because of these biological responses, these known prostaglandins are useful to 45 

study, prevent, control, or alleviate a wide variety of diseases and undesirable physio- 
logical conditions in birds and mammals, including humans, useful domestic animals, 
pets, and zoological specimens, and in laboratory animals, for example, mice, rats, 
rabbits, and monkeys. 
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For example, these compounds, and especially the PGE compounds, are useful 
in mammals, including man, as nasal decongestants. For this purpose, the compounds 
are used in a dose range of 10 /*g. to 10 mg. per ml. of a pharmacologically suitable 
liquid vehicle or as an aerosol spray, both for topical application. 

The PGE and PGA compounds are useful in mammals, including man and certain 5 
useful animals, e.g., dogs and pigs, to reduce and control excessive gastric secretion, 
thereby reducing or avoiding gastrointestinal ulcer formation, and accelerating the 
healing of such ulcers already present in the gastrointestinal tract. For this purpose, 
the compounds are injected or infused intravenously, subcutaneously, or intramuscularly 
in an infusion dose range 0.1 /*g. to 500 /xg. per kg. of body weight per minute, or in 10 
a total daily dose by injection or infusion in the range 0.1 to 20 mg. per kg. of body 
weight per day, the exact dose depending on the age, weight, and condition of the 
patient or animal, and on the frequency and route of administration. 

The PGE, PGFo, and PGF^ compounds are useful whenever it is desired to inhibit 
platelet aggregation, to reduce the adhesive character of platelets, and to remove or 15 
prevent the formation of thrombi in mammals, including man, rabbits, and rats. For 
example, these compounds are useful in the treatment and prevention of myocardial 
infarcts, to treat and prevent post-operative thrombosis, to promote patency of vascular 
grafts following surgery, and to treat conditions such as atherosclerosis, arterosclerosis, 
blood clotting defects due to lipemia, and other clinical conditions in which the under- 20 
lying etiology is associated with lipid imbalance or hyperlipidemia. For these purposes, 
these compounds are administered systemically, e.g., intravenously, subcutaneously, 
intramuscularly, and in the form of sterile implants for prolonged action. For rapid res- 
ponse, especially in emergency situation, the intravenous route of administration is 
preferred. Doses in the range 0.005 to 20 mg. per kg. of body weight per day are used, 25 
the exact dose depending on the age, weight, and condition of the patient or animal, 
and on the frequency and route of administration. 

The PGE, PGF a , and PGF/, compounds are especially useful as additives to blood, 
blood products, blood substitutes, and other fluids which are used in artificial extra- 
corporeal circulation and perfusion of isolated body portions, e.g., limbs and organs, 30 
whether attached to the original body 3 detached and being preserved or prepared for 
transplant, or attached to a new body. During these circulations and perfusions, aggre- 
gated platelets tend to block the blood vessels and portions of the circulation apparatus. 
This blocking is avoided by the presence of these compounds. For this purpose, the 
compound is added gradually or in single or multiple portions to the circulating blood, 35 
to the blood of the donor animal, to the perfused body portion, attached or detached, 
to the recipient, or to two or all of those at a total steady state dose of .001 to 10 mg. 
per liter of circulating fluid. It is especially useful to use these compounds in laboratory 
animals, e.g., cats, dogs, rabbits, monkeys, and rats, for these purposes in order to 
develop new methods and techniques for organ and limb transplants. 40 

PGE compounds are extremely potent in causing stimulation of smooth muscle, 
and are also highly active in potentiating other known smooth muscle stimulators, for 
example, oxytocic agents, e.g., oxytocin, and the various ergot alkaloids including 
derivatives and analogs thereof. Therefore, PGE 2 , for example, is useful in place of 
or in combination with less than usual amounts of these known smooth muscle stimu- 45 
lators. for example, to relieve the symptoms of paralytic ileus, or to control or pre- 
vent atonic uterine bleeding after abortion or delivery, to aid in expulsion of the 
placenta, and during the puerperium. For the latter purpose, the PGE compound is 
administered by intravenous infusion immediately after abortion or delivery at a dose 
in the range 0;01 to 50 /tg. per kg. of body weight per minute until the desired effect ~ 50 
is obtained. Subsequent doses are given by intravenous, subcutaneous, or intramuscular 
injection or infusion during puerperium in the range 0.01 to 2 mg. per kg. of body 
weight per day, the exact dose depending on the age, weight, and condition of the 
patient or animal. 

The PGE, PGA, and PGFyj compounds are useful as hypotensive agents to reduce 55 
blood pressure in mammals, including man. For this purpose, the compounds arc 
administered by intravenous infusion at the rate 0.01 to 50 //.g. per kg. of body weight 
per minute, or in single or multiple doses of 25 to 500 fig. per kg. of body weight total 
per day. 

The PGE, PGF a , and PGF^ compounds are useful in place of oxytocin to induce 60 
labor in pregnant female animals, including man, cows, sheep, and pigs, at or near 
term, or in pregnant animals with intrauterine death of the fetus from about 20 weeks 
to term. For this purpose, the compound is infused intravenously at a dose of 0.01 to 
50 /tg. per kg. of body weight per minute until or near the termination of the second 
stage of labor, i.e., expulsion of the fetus. These compounds are especially useful when 65 
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the female is one or more weeks post-mature and natural labor has not started, or 12 
to 60 hours after the membranes have ruptured and natural labor has not yet started. 
An alternative route of administration is oral. 

The PGE, PGF a , and PGF/j compounds are useful for controlling the reproductive 
5 cycle in ovulating female mammals, including humans and animals such as monkeys, 5 
rats, rabbits, dogs, and cattle. By the term ovulating female mammals is meant animals 
which are mature enough to ovulate but not so old that regular ovulation has ceased. 
For that purpose, PGF 2a , for example, is administered systemically at a dose level in 
the range 0.01 mg. to 20 mg. per kg. of body weight of the female mammal, advan- 

10 tageously during a span of time starting approximately at the time of ovulation and 10 
ending approximately at the time of menses or just prior to menses. Intravaginal and 
intrauterine are alternative routes of administration. Additionally, expulsion of an 
embryo or a fetus is accomplished by similar administration of the compound during 
the first third of the normal mammalian gestation period. 

15 As mentioned above, the PGE compounds arc potent antagonists of epinephrine- 15 

induced mobilization of free fatty acids. For this reason, this compound is useful in 
experimental medicine for both in vitro and in vivo studies in mammals, including man, 
rabbits, and rats, intended to lead to the understanding, prevention, symptom allevia- 
tion, and cure of diseases involving abnormal lipid mobilization and high free fatty acid 

20 levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism. 20 
The PGA compounds and derivatives and salts thereof increase the flow of blood 
in the mammalian kidney, thereby increasing volume and electrolyte content of the 
urine. For that reason, PGA compounds are useful in managing cases of renal disfunc- 
tion, especially in cases of severely impared renal blood flow, for example, the hepa- 

25 torenal syndrome and early kidney transplant rejection. In cases of excessive or inappro- 25 
priate ADH (antidiuretic hormone; vasopressin) secretion, the diuretic effect of these 
compounds is even greater. In anephretic states, the vasopressin action of these com- 
pounds is especially useful. Illustratively, the PGA compounds are useful to alleviate 
and correct cases of edema resulting, for example, from massive surface burns, and in 

30 the management of shock. For these purposes, the PGA compounds are preferably first 30 
administered by intravenous injection at a dose in the range 10 to 1000 jug. per kg. 
of body weight or by intravenous infustion at a dose in the range 0.1 to 20 jug. per 
kg. of body weight per minute until the desired effect is obtained. Subsequent doses are 
given by intravenous, intramuscular, or subcutaneous injection or infusion in the range 

35 0.05 to 2 mg. per kg. of body weight per day. 35 
The PGE and PGB compounds promote and accelerate the growth of epidermal 
cells and keratin in animals, including humans, useful domestic animals, pets, zoological 
specimens, and laboratory animals. For that reason, these compounds are useful to 
promote and accelerate healing of skin which has been damaged, for example, by burns, 

40 wounds, and abrasions, and after surgery. These compounds are use useful to promote 40 
and accelerate adherence and growth of skin autografts, especially small, deep (Davis) 
grafts which are intended to cover skinless areas bv subsequent outward growth rather 
than initially, and to retard rejection of homografts. 

For these purposes, these compounds are preferably administered topically at or 

45 near the site where cell growth and keratin formation is desired, advantageously as 45 
an aerosol liquid or micronized powder spray, as an isotonic aqueous solution in the 
case of wet dressings, or as a lotion, cream, or ointment in combination with the usual 
pharmaceutical^ acceptable diluents. In some instances, for example, when there is 
substantial fluid loss as in the case of extensive burns or skin loss due to other causes, 

50 svstemic administration is advantageous, for example, by intravenous injection or infu- 50 
tion, separate or in combination with the usual infusions of blood, plasma, or substitutes 
thereof. Alternative routes of administration are subcutaneous or intramuscular near 
the site, oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on such 
factors as the route of administration, and the age, weight, and condition of the sub- 

55 iect. To illustrate, a wet dressing for topical application to second and/or third degree 55 
burns of skin area 5 to 25 square centimeters would advantageously involve use of an 
isotonic aqueous solution containing 1 to 500 jug. /ml. of the PGB compound or several 
times that concentration of the PGE compound. Especially for topical use, these prosta- 
glandins are useful in combination with antibiotics, for example, gentamycin, neomycin, 

60 polymyxin B, bacitracin, spectinomvcin, and oxvtetracycline, with other antibacterials, 60 
for example, mafenide hvdrochloride, sulfadiazine, furazolium chloride, and nitro- 
furazone, and with corticoid steroids, for example, hvdrocortisone, prednisolone, methvl- 
prednisolone, and fluprednisolone. each of those being used in the combination at the 
usual concentration suitable for its use alone. 

65 The novel Formula XIII, XIV, XV and XVI PGE-type oxa-phenylene com- 65 
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pounds, the novel Formula XVII, XVIII, XIX, and XX PGF tt -type and PGF^type 
oxa-phenylene compounds, the novel Formula XXI, XXII, XXIII, and XIV PGA- 
type oxaphenylene compounds, and the novel Formula XXV, XXVI, XXVII, and 
XXVIII PGB-type oxa-phenylene compounds each cause the biological responses des- 
cribed above for the PGE, PGF M PGF^, PGA, and PGB compounds, respectively, 5 
and each of these novel compounds is accordingly useful for the above-described cor- 
responding purposes, and is used for those purposes in the same manner as described 
above. 

The known PGE, PGF„, PGF„, PGA, and PGB compounds uniformly cause 
multiple biological responses even at low doses. For example, PGE a and PGE 2 both 10 
cause yaso-depression and smooth muscle stimulation at the same time they exert anti- 
lipolytic activity. Moreover, for many applications, these known prostaglandins have 
an inconveniently short duration of biological activity. In striking contrast, the novel 
prostaglandin analogs of Formulas XIII to XXVIII are substantially more specific 
with regard to potency in causing prostaglandin-like biological responses, and have a 15 
substantially longer duration of biological activity. Therefore, each of these novel 
prostaglandin analogs is useful in place of one of the corresponding above-mentioned 
known prostaglandins for at least one of the pharmacological purposes indicated above 
for the latter, and is surprisingly and unexpectedly more useful for that purpose because 
it has a different and narrower spectrum of biological activity than the known prosta- 20 
glandin, and therefore is more specific in its activity and causes smaller and fewer 
undesired side effects than the known prostaglandin. Moreover, because of its prolonged 
activity, fewer and smaller doses of die novel prostaglandin analog can frequently be 
used to attain the desired result. 

To obtain the optimum combination of biological response specificity, potency, 25 
and duration of activity, certain compounds within the scope of Formula XIII to 
XXVIII are preferred. For example, in compounds of Formulas XIII, XVI, XVII, 
XX, XXI, XXIV, XXV, and XXVIII, it is preferred that the carboxyl-terminated 
side chain contain a total of 2 to 4 chain carbon atoms, inclusive, excluding the 
phenylene and — COORj, and including — CHR,— . In other words, preferred com- 30 
pounds of these formulas are those wherein C g H 2g , CpH 2p , and C q H 2q together repre- 
sent one, 2, or 3 chain carbon atoms. Especially preferred compounds of these formulas 
are those wherein QH^, and C P H 2P each represent a valence bond, and C q H 2q repre- 
sents one or two chain carbon atoms, especially methylene or ethylene, and those where- 
in C e H 2s represents a valence bond, and CpH 2p and C q H 2q each represent a single chain 35 
carbon atom, especially methylene. 

In compounds of Formulas XIV, XV, XVIII, XIX, XXII, XXIII, XXVI, and 
XXVII, it is preferred that the carboxyl-terminated side chain contain a total of 4 or 
5 chain carbon atoms, excluding the phenylene and — C00R l3 and including 
— CHR 2 — CR C =CR 6 — and — CHR 2 — C=C— . In other words, preferred compounds 40 
of these formulas are those wherein CjH 2j , CpH 2p , and C q H 2q together represent one or 
2 chain carbon atoms. Included in these compounds are those wherein QH 2j and CpH 2p 
each represent a valence bond, and CqH 2q represents one or two chain carbon atoms, 
especially methylene or ethylene, and those wherein QHoj represents a valence bond, 
and CpH 2p and C q H 2q each represent a single chain carbon atom, especially methylene. 45 

As used herein, a chain carbon atom is part of the direct chain of carbon atoms 
linking — CHRjj — or =CR G — to the phenylene, the phenylene to the oxa, and the 
oxa to — COORj. Thus, the chain — CH(CH 3 )-^C(CH3) 2 — contains 5 carbon atoms 
but only 2 chain- atoms. 

Another preference for the carboxy-terminated side chain in compounds of 50 
Formulas XIII to XXIV is that the phenylene be a meta-phenylene. 

Another preference for the compounds of Formulas XIII to XXVIII is that R 2 , 
R 3 , R*, R 5 , and R G are hydrogen or methyl. All of those R groups can be hydrogen, all 
can be methyl, or there can be any of the possible combinations of hydrogen and methyl. 

Certain variations in the nature of G in the compounds of Formulas XIII to 55 
XXVIII are especially important. In the known prostaglandins, e,g., PGE a , the portion 
of the molecule corresponding to G in Formulas XIII to XXVIII is n-pentyl. When 
G is unsubstituted alkyl or fluoro-substituted alkyl as defined above, there are two 
alternative preferences which result in compounds with optimum combinations of bio- 
logical properties. One preference is that G is straight chain alkyl of 3 to 7 carbon 60 
atoms, inclusive, with or without a fluoro substituent at the 1 -position, e.g., 
— CHF — (CH 2 ) a — CH3, wherein a is one, 2, 3, 4, or 5. Especially preferred among 
these are n-pentyl and 1-fluoropentyl. The other preference, especcially when prolonged 
duration of biological activity is desired, is that there be alkyl branching or fluoro sub- 
stituents or both at the terminal (omega) carbon atom of G and/or at the adjacent 65 
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carbon atom (omega-minus-one). Particularly preferred in this regard are Formula 
XIII-to-XXVTII compounds wherein G is defined as — (CH 2 )b — X wherein b is zero, 
one, 2, 3, or 4, and X is isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, 4,4,4- 
trifluorobutyl, or 3,3,4,4,4-pentafluorobutyL Among these last preferences, the optimum 

5 combination of biological response specificity and potency is usually obtained when 5 
the combination of — (CH 2 ) b — and — X results in a chain of 5 carbon atoms, excluding 
methyl branching. Thus, is is preferred that b is one when X is 3,3-difluorobutyl, 
4,4,4-trifluorobutyI, or 3,3,4,4,4-pentafluorobutyl, 2 when X is isobutyl, and 3 when 
X is tert-butyl. When G is substituted alkyl, it is preferred that the 1-position be mono- 

10 or di-substituted with one ore two alkyl groups containing from one to 4 carbon atoms, 10 
inclusive. Especially preferred are Formula Xlll-to-XXVIII compounds wherein G 
is substituted at the 1-position with methyl and/or ethyl, e.g. 

— CH(CH a )— (CH 2 ) 0 — CH 3 , _CH(CH 2 H 5 )— (CH 2 ) C — CH*, 

^ — C(CH a )2—- (CH 2 ) C — CH 3 , — C(C 2 H 5 ) 2 — (CH 2 )d — CH3, ^ 

-C(CH,)(C 2 H B >-(CH 2 ) C -CH 3J 

wherein c is 2, 3, or 4. 
When G represents 



20 as defined above, it is preferred for compounds with optimum combination of biologi- 20 
cal properties that C t H 2t be a valence bond, i.c, t is zero, or alkylene of one to 4 carbon 
atoms, inclusive, i.e., — (CH 2 ) d — wherein d is one, 2, 3, or 4, with or without a fiuoro 
or alkyl substituent on the carbon adjacent to the hydroxy-substituted carbon (C-15 
in PGEO, e.g., — CHF — (CH 2 ) C — , — CH(CH 3 )— (CH 2 ) e — , or 

25 — qCH^CH 2 ) e -, 25 

wherein e is zero, one, 2, or 3. Further, it is preferred that the phenyl ring when pre- 
sent and substituted, be substituted at least at the para position. 

Another advantage of the novel compounds of this invention, especially the pre- 
ferred compounds defined hereinabove, compared with the known prostaglandins, is 

30 that these novel compounds are administered effectively orally, sublinguaHy, intra- 30 
vaginally, buccally, or rectally, in addition to usual intravenous, intramuscular, or sub- 
cutaneous injection or infusion methods indicated above for the uses of the known 
prostaglandins. These qualities are advantageous because they facilitate maintaining 
uniform levels of these compounds in the body with fewer, shorter, or smaller doses, 

35 and make possible self-administration by the patient. 35 
The PGE, PGF a , PGF fl , PGA, and PGB type oxa-phenylene compounds encom- 
passed by Formulas XIII to XXVIII including the special classes of compounds des- 
cribed above, are used for the purposes described above in the free acid form, in ester 
form, or in pharmacologically acceptable salt form. When the ester form is used, the 

40 ester is any of those within the above definition of Ri. However, it is preferred that the 40 
ester be alkyl of one to four carbon atoms, inclusive. Of those alkyl, methyl and ethyl 
are especially preferred for optimum absorption of the compound by the body or experi- 
mental animal system. 

Pharmacologically acceptable salts of these Formula Xlll-to-XXVIII compounds 

45 useful for the purposes described above are those with pharmacologically acceptable 45 
metal cations, ammonium, amine cations, or quaternary ammonium cations. 

Especially preferred metal cations are those derived from the alkali metals, e.g., 
lithium, sodium and potassium, and from the alkaline earth metals, e.g., magnesium 
and calcium, although cationic forms of other metals, e.g., aluminium, zinc, and iron, 

50 are within the scope of this invention. 50 
Pharmacologically acceptable amine cations are those derived from primary, 
secondary, or tertiary amines. Examples of suitable amines are methylamine, dimethyl- 
amine, trimethylamine, ethylamine, dibutylamine, triisopropylamine, N-methylhexyl- 
amine, decylamine, dodecylamine, allylamine, crotylamine, cyclopentylamine, dicyclo- 

55 hexylamine, benzylamine, dibenzylamine, a-phenylethylamine, /?-phenylethylamine, 55 
ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic, and araliphatic 
amines containing up to and including about 18 carbon atoms, as well as heterocyclic 
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amines, e.g., piperidine, morpholine, pyrrolidine, piperazine, and lower-alkyl deriva- 
tives thereof, e.g., 1-merhylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine, 2- 
methylpyrrohdine, 1,4-dimethylpiperazine and 2-methylpiperidine, as well as amines 
containmg water-solubilizing or hydrophilic groups, e.g., mono-, di-, and triethanol- 
amine, ethyldiethanolamme, N-butylethanolamine, 2-amino-l-butanol, 2-amino-2- 5 
etnyI-l,3-propanediol, 2 - amino - 2 - methyl - 1 - propanol, tris-(hydroxvmethvl1- 
ammomethane, N-phenylethanolamine, N - Q> - ten - amylphenyl)diethanolamine, 
galactamme, N-methylglucamme, N-methylglucosamine, ephedrine, phenylephrine 
epinephrine, and procaine. 

Examples of suitable pharmacologically acceptable quaternary ammonium canons 10 
phenylrSylarnmSu^™' tetraethylammonium, benzyltrimethylammonium and 

The PGE, PGFa, PGF P , PGA, and PGB type oxa-phenylene compounds encom- 
passed by Formulas XIII to XXVIII including the special classes of compounds des- 
15 cnbed above, are also used for the purposes described above in free hydroxy form or 15 
in theform wherein the hydroxy radicals are transformed to lower alkanoate radicals, 
e.g., —OH to — OCOCHj. Examples of lower alkanoate groups are acetoxy. pro- 
pionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy, octanoyloxy, and 
branched cham alkanoyloxy isomers of those radicals. Especially preferred among these 
2Si alkanoates for the above described purposes are me acetoxy compounds These free 20 
hydroxy and alkanoyloxy compounds are used as free acids, as esters, and in salt form 
all as described above. 

As discussed above, the compounds of Formulas XIII to XXVIII are administered 
in various ways for various purposes; e.g., intravenously, intramuscularly, sub- 
25 cutaneously, orally, intravaginally, rectally, buccally, sub-lingually, topically, and in 
the form of sterde implants for prolonged action. 

For intravenous injection or infusion, sterile aqueous isotonic solutions are pre- 
ferred. For that purpose, it is preferred because of increased water solubility that R, 
m the formula Xlll-to-XXVIII compound be hydrogen or a pharmacologically accept- 
30 able cation. For subcutaneous or intramuscular injection, sterile solutions or suspen- 
sions of the acid, salt, or ester form in aqueous or non-aqueous media are used Tablets, 
capsules, and liquid preparations such as syrups, elixirs, and simple solutions, with the 
usual pharmaceutical carriers are used for oral subungual administration. For rectal 
or vaginal administration, suppositories prepared as known in the art as used For 
tissue implants, a sterile tablet or silicone rubber capsule or other object containmg or 35 
impregnated with the substance is used. 

Accordingly the present invention provides a therapeutic composition comprising 
as the active ingredient one of the compounds of the invention together with a pharma- 
ceutically acceptable carrier. v 
40 The PGE, PGF„, PGF fl , PGA, and PGB type oxa-phenylene compounds enccm- 40 

passed by Formulas XIII to XXVIII are produced by the reactions and procedures 
described and exemplified hereinafter. 

The various y PGF a -type and PGF^type oxa-phenylene compounds encompassed 
by Formulas XVII to XX are prepared by carbonyl reduction of the corresponding 
PGE type compounds encompassed by Formulas XIII to XVI. For example, carbonyl 45 
reduction of 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGEj gives a mix- 
ture of 3 - oxa - 3,7 - inter ■ - m - phenylene - 4,5,6 - trinor - PGF la and 3 - oxa - 3,7 - 
inter - m - phenylene - 4,5,6 - trinor - PGF lf3 . 

m These ring carbonyl reductions are carried out by methods known in" the art for 
ring carbonyl reductions of known prostanoid acid derivatives. See, for example, 50 
Bergstrom et al., Arlciv Kemi 19, 563 (1963), Acta Chem. Scand. 16, 969 (1962), md 
British Specification No .1,097,533. Any reducing agent is used which does not react 
with carbon-carbon double or triple bonds or ester or acid groups. Preferred reagents 
are limium(tn-tert-butoxy)aluminium hydride, the metal borohydrides, especially 
sodium, potassium and zinc borohydrides, the metal trialkoxyborohydrides, e.g., sodium 55 
trimethoxyborohydnde. The mixtures of alpha and beta hydroxy reduction products 
are separated into the individual alpha and beta isomers by methods known in the art 
for the separation of analogous pairs of known isomeric prostanoic acid derivatives 
^^^^ p ! e ^ B f ^gst^om et ^ dted above > Granstrom e t al., J. Biol. Chem. 240, 
457 (1965), and Green et al., J. Lipid Research 5, 117 (1964). Especially preferred as 60 
separation methods are partition chromatographic procedures, both normal and reversed 
dure? preparative ±m hyer chromatography, and countercurrent distribution proce- 

vv^r Various PGA ~ t yP e oxa-phenylene compounds encompassed by Formulas XXI 
to XXIV are prepared by acidic dehydration of the corresponding PGE type com- 65 
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pounds encompassed by Formulas XIII to XVI. For example, acidic dehydration of 
3 - oxa - 3,7 - inter ~m- phenylene - 4,5,6 - trinor - PGE l gives 3 - oxa - 3,7 - inter - 
m - phenylene - 4,5,6 - trinor - PGA a . 

These acidic dehydrations are carried out by methods known in the art for acidic 

5 dehydrations of known prostanoic acid derivatives. See, for example, Pike et aL, Proc. 5 
Nobel Symposium II, Stockholm (1966), Interscience Publishers, New York, pp. 162— 
163 (1967); and British Specification 1,097,533. Alkanoic acids of 2 to 6 carbon atoms, 
inclusive, especially acetic acid, are preferred acids for this acidic dehydration. Dilute 
aqueous solutions of mineral acids, e.g., hydrochloric acid, especially in the presence 

10 of a solubilizing diluent, e.g., tetrahydrofuran, are also useful as reagents for this acidic 10 
dehydration, although these reagents may cause partial hydrolysis of an ester reactant. 

The various PGB-type oxa-phenylene compounds encompassed by Formulas XXV 
to XXVIII are prepared by basic dehydration of the corresponding PGE type com- 
pounds encompassed by Formulas XIII to XVI or by contacting the corresponding 

15 PGA type compounds encompassed by Formulas XXI to XXIV with base. For 15 
example, both 3 - oxa - 3,7 - inter -m- phenylene - 4,5,6 - trinor - PGE r and 3 - oxa - 
3,7 - inter - rn - phenylene - 4,5,6 - trinor - PGA 2 give 3-oxa-3,7-in^-w-phenylene- 
4,5,6-trinor PGBi on treatment with base. 

These basic dehydrations and double bond migrations are carried out by methods 

20 known in the art for similar reactions of known prostanoic acid derivatives. See, for 20 
example, Bergstrom et al., J. Biol. Chem. 238, 3555 (1963). The base is any whose 
aqueous solution has pH greater than 10. Preferred bases are the alkali metal 
hydroxides. A mixture of water and sufficient of a water-miscible alkanol to give a 
homogeneous reaction mixture is suitable as a reaction medium. The PGE-type or 

25 PGA-type compound is maintained in such a reaction medium until no further PGB- 25 
type compound is formed, as shown by the characteristic ultraviolet light absorption 
near 278 m/i for the PGB type compound. 

The various transformations of PGE-type oxa-phenylene compounds of Formulas 
XIII to XVI to the corresponding PGF*, PGF*, PGA, and PGB type oxa-phenylene 

30 compounds are shown in Chart A, wherein R x , R 2 , R SJ G, and ~ are as 30 



CHART A 




defined above, wherein E is — CH-CHR*— or trans— CH=CR 4 — , when J is 
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or E is trans 011=014 when J is cis or trans 



I I 
— C=C— M— , 



or — C=C — M — , wherein M is 



CjH 2 j^ CpH2r °' CqH2r 



and wherein QH 2g , QH 2j , CpH 2PJ C q H 2q , R 5> and R 0 are as defined above. 
a-u ?non I0US dihydro-PGE!, dihydro-PGF la , dihydro-PGF 1/? , dihydro-PGAx and 
dihydro-PGB! type oxa-phenylene compounds encompassed by Formulas XVI, XX, 
XXIV, and XXVIII are prepared by carbon-carbon double bond reduction of the 
corresponding PGE, PGF C , PGF^ PGA, and PGB type compound containing a trans 
double bond in the hydroxy-containing side chain. A cis or trans double bond or triple 
bond can also be present in the carboxy-termuiated side chain of the unsaturated reac- 
tant, and will be reduced at the same time to — CH 2 CH2— . For example, 13,14 - di- 
hydro - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor- PGE X is produced by 
reduction of 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGEx, 3 - oxa - 3,7 - 
inter - m - phenylene - 4,5,6 - trinor - PGE 2 , or 5,6 - dehydro - 3 - oxa - 3,7 - inter - 
m - phenylene - 4,5,6- trinor- PGE 2 . 

r»^t7 Th ^oT7 reductions are P referabl y carried out by reacting the unsaturated PGE, 
PGF Q , PGF^ PGA, or PGB type oxa-phenylene compound with diimide, following 
the general procedure described by van Tamelen et al., J. Am. Chem. Soc. 83, 3725 
(1961) See also Fieser et al, "Topics in Organic Chemistry," Reinhold Publishing 
Corp., New York, pp. 432—434 (1963) and references cited therein. The unsaturated 
acid or ester reactant is mixed with a salt of azodif ormic acid, preferably an alkali metal 
salt such as the disodium or dipotassium salt, in the presence of an inert diluent, pre- 
ferably a lower alkanol such as methanol or ethanol, and preferably in the absence of 
substantial amounts of water. At least one molecular equivalent of the azodiformic acid 
salt is used for each multiple bond equivalent of the unsaturated reactant. The resulting 
suspension is then stirred, preferably with exclusion of oxygen, and the mixture is 
made acid, advantageously with a carboxylic acid such as acetic acid. When a reactant 
wherein R x is hydrogen is used, the carboxylic acid reactant also serves to acidify an 
equivalent amount of the azodiformic acid salt. A reaction temperature in the range of 
10 to 40 C. is usually suitable. Within that temperature range, the reaction is usually 
complete within less than 24 hours. The desired dihydro product is then isolated by 
conventional methods, for example, evaporation of the diluent, followed by separation 
from inorganic materials by solvent extraction. 

In the case of the oxa-phenylene unsaturated PGE, PGF a , and PGF P type reac- 
tants, the reductions to the corresponding dihydro-PGEi, dihydro-PGF 10 , and dihydro- 
PGF 1B type oxa-phenylene compounds are also carried out by catalytic hydrogenation. 
For that purpose, palladium catalysts, especially on a carbon carrier, are preferred. It 
is also preferred that the hydrogenation be carried out in the presence of an inert liquid 
diluent, for example, methanol, ethanol, dioxane, and ethyl acetate, Hydrogenation 
pressures ranging from atmospheric to 50 p.s.L, and hydrogenation temperatures rang- 
ing from 10° to 100°C. are preferred. The resulting dihydro product is isolated from 
the hydrogenation reaction mixture by conventional methods, for example, removal of 
the catalyst by filtration or centrifugation, followed by evaporation of the solvent. 

Diimide reductions and catalytic hydrogenations to produce the various novel 
Formula XVI, XX, XXIV, and XXVIII dihydro compounds of this invention from 
the corresponding PGE, PGF, PGF^, PGA, and PGB type oxa-phenylene compounds 
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of the PGt, PG 2 tams-S^-dehydro-PGj, and 5,6-dehydro-PG 2 series are shown in 
Chart B. G, J, Ri, R 2 , R 3 , R 4 , and ^ are as defined above, and L is 



10 



15 



wherein C fi H 25 , C P H 2P , and C q H 2a are as defined above. 

The oxa-phenylene compounds of the PGE 2 , PGF 2/3 , PGA 2 , and PGB 2 type where- 
in the carbon-carbon double bond in the carboxy-terminated side chain is in cis con- 
figuration are prepared by reduction of the corresponding acetylenic oxa-phenylene com- 
pounds, i.e., those with a carbon-carbon triple bond in place of said carbon-carbon 
double bond. For that purpose, there are used any of the known reducing agents which 
reduce an acetylenic linkage to a m-ethylenic linkage. Especially preferred for that 
purpose are diimide, or hydrogen and a catalyst, for example, palladium (5%) on 
barium sulfate, especially in the presence of pyridine. See Fieser et al., "Reagents for 
Organic Synthesis," pp. 566—567, John Wiley & Sons, Inc., New York, N.Y. (1967). 
These reductions are shown in Chart C, wherein G, M, R 2 , R 2 , R 3 , R 4 > and ^ are as 
defined above. These oxa-phenylene cis compounds of the PGE 2 , PGF 2a , PGF 2/J , PGA 2 , 
and PGB 2 type are also prepared as described hereinafter. 

The oxa-phenylene PGE-type compounds of Formulas XIII 



10 
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CHART 6 



CH-J-C00R| 




diimide 
or 

hydrogen 
catalyst 



0 V CH-L-COORi 

H V^CH 2 CHR r C-G 
R 3 




d iimide 
or 

hydrogen 
catalyst 



HO, 



> CH-L-C00R, 

<X r 

R 3 



HO 



\|" J - C00R ' diimide V^ 1 -™} 

20 CL>. " vJs 



R 3 ' -G 



ON 20 
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CHART C 



CH-OC-M-C00R, 




K 

ho' J-' 



« M-COOR, 



tin ^2 R C^fT 

HO H no J"< f S a 



,PCT ho -n^ 



G 



^C<> ~~~~ ^W^oh 



M-COOR, 




Q * 

V/CH-CaC-M-COOR 

5 of ^^^^^^^^^ PGA "^ e c -P°-ds 5 
of reactions shown in Chart D, gVr R Z^l *" ?KP ^ d by *tks 

is the same as G except that f is Seed bv ' T' ?• V? 25 defined abwe 5 G ' 
except that R, is not hydrogen- R i fh, ,L ' ^u™? T 18 ^ "« a * T above 

10 that R l0 does not incite hSgen" £ anaT definition of R > ex «** 

inclusive; R l3 is alkyl of oi to 5 ^bon aton* ftct^ °a ^ t0 J Carbon aton «' "> 
of -CHRW-COOR,,, to Ae cvdooLtane rin^l TL and 7 mdicates a "achment 
exo or configuration JKlSSSC^i" 1 ^J 3 * beta confi guration, and 
The oxa-phe7ryknTpG*S^ t°rS e ^opropane ring. 

15 5,6-dehydro-PGE 2 V JompoS Si^Ti^ *? 

compounds of Formula 5TYT Vnrf rorn ! ma , AV > *e-oxa-phenylene PGA.-type " 15 
pounds of FormSSin^^ SjEftSf' ^Mro-PGA, type cZ 
^hgein G 3 G', ^CJTCSd R^^d^ab^Tis 11 ?^ 



1,343,014 



' CHART D 




20 



1343,014 



20 



CHART E 




It should be observed regarding the series of reactions shown in Charts D and E, 
that the reactions starting with glycol XXXI in Chart D are similar to the reactions 
starting with glycol XXXVIII in Chart E. The only differences here are the definitions 
of the divalent radicals (Chart D) and Z (Chart E). J includes saturated cis and trans 5 
ethylenic, and acetylenic divalent radicals. Z is limited to the saturated and acetylenic 
divalent radicals encompassed by J. In other words, final oxa-phenylene PGE-type 
compounds of Formula XXXIII (Chart D) encompass compounds of Formulas XIII 
to XVI. Final oxa-phenylene PGA-type compounds of .Formula XXXIV (Chart D) 
encompass compounds of Formulas XXI to XXIV. On the other hand, final oxa- 10 
phenylene PGE-type compounds of Formula XL (Chart E) encompass only compounds 
of Formulas XIII and XV, and final oxa-phenylene PGA-type compounds of Formula 
XLI (Chart E) encompass only compounds of Formulas XXI and XXIIL 

As will subsequendy appear, an acetylenic intermediate of Formulas XXX, XXXI, 
or XXXVIII is transformed by stepwise reduction to the corresponding cis or trans 15 
ethylenic intermediates of Formulas XXX or XXXI; and an acetylenic intermediate 
of Formulas XXX, XXXI, or XXXVIII or a cis or trans ethylenic intermediate of 
Formulas XXX or XXXI is transformed by reduction to the corresponding saturated 
intermediate of Formulas XXX, XXXI, or XXXVIII. 

The initial bicyclo-ketone reactant of Formula XXXVI in Chart E is also used 20 
as an initial reactant to produce the initial bicyclo-ketone cyclic ketal reactant of 
Formula XXIX in Chart D. The following reactions will produce cyclic ketal XXIX, 
wherein THP is 2-tetrahydropyranyl, and <p is phenyl: 
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QTHP 



/ R 3 

^p«C Ng via several steps 



o, — bv — -hi 

^V^CR 4 -CR 3 G — CR 4 -CR 3 G ^-^V-C^-C^G 

OH OH 0^0 



IXYYI XLET 2HX 



The bicyclo-ketone reactant of Formula XXXVI exists in four isomeric forms, 
exo and endo with respect to the attachment of the — CR 4 =CR*G radical, and cis and 
trans with respect to the double bond in that same radical. Each of those isomers separ- 
5 ately or various mixtures thereof are used as reactants according to this invention to 5 
produce substantially the same final oxa-phenylene PGE or PGA type product mix- 
ture. 

The process for preparing either the exo or endo configuration of the Formula- 
XXXVI bicyclo-ketone is known to the art. See Belgian Patent No. 702,477; reprinted 

10 in Farmdoc Complete Specifications, Book 714, No. 30,905, page 313, March 12, 1968. 10 
See West Germany Offenlegungsschrift No. 1,937,912; reprinted in Farmdoc Com- 
plete Specifications, Book No. 14, No. 6869 R, Week R 5 , March 18, 1970. 

In said Belgian Patent No. 702,477, a reaction sequence capable of forming exo 
ketone XXXVI is as follows : The hydroxy of 3-cyclopentenol is protected, for example, 

15 with a tetrahydropyranyl group. Then a diazoacetic acid ester is added to the double 15 
bond to give an exo-endo mixture of a bicyclo[3.1.0]hexane substituted at 3 with the 
protected hydroxy and at 6 with an esterified carboxyl. The exo-endo mixture is treated 
with a base to isomerize the endo isomer in the mixture to more of the exo isomer. 
Next, the carboxylate ester group at 6 is transformed to an aldehyde group or ketone 

20 group, — CHO or 20 

R. 

I 

— c=o, 

wherein R 4 is as defined above. Then, said aldehyde group or said keto group is trans- 
formed by the Wittig reaction, in this case to a radical of the formula — CR 4 =CR 3 G 
which is in exo configuration relative to the bicyclo ring structure. Next, the protec- 
25 rive group is removed to regenerate the 3-hydroxy which is then oxidized, for example, 25 
by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39 (1946)), to give said exo 
ketone XXXVI. 

Separation of the cis-exo and trans-exo isomers of XXXVI is described in said 
Belgian Patent No. 702,477. However, as mentioned above, that separation is usually 
30 not necessary since the cis-trans mixture is useful as a reactant in the next process 30 
step. 

The process described in said Belgian Patent No. 702,477 for producing the ex. 
form of bicyclo-ketone XXXVI uses, as an intermediate, the exo form of a bicyclo- 
[3.1.0]hexane substituted at 3 with a protected hydroxy, e.g., 2-tetrahydropyranyloxy, 
35 and at 6 with an esterified carboxyl. When the corresponding endo compound is sub- 35 
stituted for that exo intermediate, the process in said Offenlegungsschrift No. 1,937,912 
leads to die endo form of bicycloketone XXXVI. That endo compound to be used has 
the formula: 



Q-o. 




22 1,343,014 22 

Compound XLV is prepared by reacting ^^-biqrclo[3.1.0]hex-2-ene-6-carboxylic 
acid methyl ester with diborane in a mixture of tetrahydrofuran and diethyl ether, a 
reaction generally known in the art, to give CTria-bicyclo[3.1.0]hexane-3-ol-6-carboxyhc 
acid methyl ester which is then reacted with dihydropyran in the presence of a catalytic 
5 amount of POCl 3 to give the desired compound. This is then used as described in said 5 
Offenlegiingsschrift no. 1,937,912 to produce the endo form of bicyclo-ketone XXXVI. 

As for exo XXXVI, the above process produces a mixture of endo-cis and endo- 
trans compounds. These are separated as described for the separation of exo-cis and 
e *°~ trans x ?XVIi but tins separation is usually not necessary since, as mentioned 
10 above, the cis-trans mixture is useful as a reactant in the next process step. 10 

In the processes of said Belgian patent and said Ofleiilegungsschrift, certain organic 
halides, e.g., chlorides and bromides, are necessary to prepare the Wittig reagents used 
to generate the generic radical — CR 4 =CR 3 G of bicyclo-ketone XXXVI. These organic 
chlorides and bromides 

15 G — CHC1 15 
and 

G^CH— Br, 

are known in the art or can be prepared by methods known in the art. 

To illustrate the availability of these organic chlorides consider the above-described 
20 oxa-phenylene PGE-type compounds of Formulas XIII to XVI, wherein R 3 is hydro- 20 
gen (H) and G is either (a) hydrogen, (b) alkyl of one to 10 carbon atoms, inclusive, 
substituted with zero, one, 2, or 3 fluoro, (c) alkyl of 2 to 10 carbon atoms, inclusive, 
substituted with 4 or 5 fluoro on the omega and omega-minus-one carbon atoms, or (d) 

25 wherein C t H 2t represents a valence bond or alkylene of one to 10 carbon atoms, inclu- 05 
sive, substituted with zero, one, or 2 fluoro, with one to 7 carbon atoms, inclusive, 
between — CR 3 OH— and the ring; wherein T is alkyl of one to 4 carbon atoms, inclu- 
sive, fluoro, chloro, trifluoromethyl, or — OIL,, wherein R 0 is hydrogen, alkyl of one to 
4 carbon atoms, inclusive, or tetrahydropyranyl, and s is zero, one, 2, or 3, with the 

30 proviso that not more than two T are other than alkyl, and when two or three T's are 
present or substituents they may be the same or different. 

For types H-(a) and H-(b) above, i.e. wherein Rs is hydrogen and G is either 
(a) hydrogen or (b) alkyl of one to 10 carbon atoms, saturated with 0—3 fluorine atoms, 
there are available the monohalo hydrocarbons, e.g. bromo- (or chloro-)methane, 

35 -ethane, -propane, -pentane, -octane, and -decane; and the monohalofluorohydrocarbons, 

CH 2 FCH 2 Br, CHF 2 CH 2 C1, CF 3 CH 2 Br, F(CH 2 ) 3 Br, CH,CF 2 CH 2 C1, 

CF 3 (CH 2 ) 2 Br, F(CH 2 ) 4 C1, CH 3 CF 2 CH 2 CH 2 Ci, C 4 H 3 CFH CH 2 Br, 

CF^CH^Cl, CF 3 (CH 2 ) 2 Br, CH 2 F(CH 2 ),Q, 

40 C 2 H 5 CF 2 (CH 2 ) 2 C1, CF 3 (CH 2 ) 4 Q, CH 3 (CH 2 ) 4 CF 2 (CH 2 ).CH 2 a, 

and 

CH 3 (CH 2 ) 3 CF 2 (CH 2 )aCH 2 Cl, 

as described in "Aliphatic Fluorine Compounds", A. M. Lovelace et al, Am. Chem 
Soc. Monograph Series, 1958, Reinhold Publ. Corp. Those halides not available are 

45 prepared by methods known in the art by reacting the corresponding primary alcohol 45 
G — CH 2 OH with PCla, PBr 3 , or any of the other halogenating agents useful for this 
purpose. Available alcohols include CH 2 CH(CF 3 )CHoOH, (CH 3 )XHCH 2 CHoOH, 
(CH 3 ) a CCH 2 OH, CF 3 CH(CH3)CH 2 CH 2 OH, for example. For those halides of the 
formula G — CH 2 — Hal wherein Hal is chloro or bromo, G is — (CH«,) h — X, h being 

50 zero, one, 2, 3, or 4, and X being isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluoro- 50 
butyl, or 4,4,4-trifluorobutyl, the intermediate alcohols are prepared as follows. 

In the case of X being isobutyl or tert-butyl, known alcohols are converted to 
bromides, thence to nitriles with sodium cyanide, thence to the corresponding carboxylic 
acids by hydrolysis, and thence to the corresponding primary alcohols by reduction, e.g. 



30 



35 



40 
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with lithium aluminium hydride, thus extending the carbon chain one carbon atom at 
a time until all primary alcohols are prepared. 

In the case of X being 3,3-difiuorobutyl, the necessary alcohols are prepared from 
keto carboxylic acids of the formula, CH 3 — CO — (CH 2 ) r — COOH, wherein r is 2, 3, 
5 4, 5, or 6. All of those acids are known. The methyl esters are prepared and reacted 5 
with sulfur tetrafluoride to produce the corresponding CH 3 — CF 2 — (CH 2 ) r — COOCH 3 
compounds, which are then reduced with lithium aluminium hydride to 

CH 3 — CF 2 ^CH 2 )^-CH 2 OH. 

These alcohols are then transformed to the bromide or chloride by reaction with PBr 3 
10 or PCla. v 10 

In the case of X being 4,4-difluorobutyl, the initial reactants are the known dicarb- 
oxylic acids, HOOC— (CH 2 ) f — COOH, wherein f is 3, 4, 5, 6, or 7. These dicarboxylic 
acids are esterified to CH 3 OOC— (CH 2 ) f — C00CH 3 and then half-saponified, for 
example with barium hydroxide, to give HOOC--(CH 2 ), — COOCH 3 . The free carb- 
15 oxyl group is transformed first to the acid chloride with thionyl chloride and then to 15 
an aldehyde by the Rosenmund reduction. Reaction of the aldehyde with sulfur tetra- 
fluoride then gives CHF 2 — (C£L) f — C00CH 3 which by successive treatment with 
lithium aluminium hydride and PBr 3 or PQ3 gives the necessary bromides or chlorides, 
CHF 2 — (CH 2 ), — CH 2 Br or CHF 2 — (CH 2 ) f — CH 2 C1. Those formulas can be rewritten 
20 as CHF 2 CH 2 CH 2 CH 2 (CH 2 ) d — CH 2 Br or CHF 2 CH 2 CH 2 .CH 2 (CH 2 ) d — CH 2 C1. 20 
In the case of X being 4,4,4-trifluorobutyl, aldehydes of the formula 

CH 3 OOC— (CH 2 ),— CHO 

are prepared as described above. Reduction of the aldehyde with sodium borohydride 
gives the alcohol CH 3 OOC— (CH 2 ) f — CH*OH. Reaction with PBr» or PCI* then gives 
25 CH 3 00C— (CH 2 )r— CH 2 — X. Saponification of that ester gives the carboxylic acid 25 
which by reacting with sulfur tetrafluoride gives the necessary CF 3 — (CH 2 )t — CH 2 — Br 
or CF 3 — (CH 2 ) f — CHjj— CI. 

For the above reactions of SF 4 , see U.S. 3,211,723 and J. Org. Chem. 27, 3164 
(1962). 

30 For type H-(c) above, i.e. where R*. is hydrogen and G is alkyl of 2 to 1 Dearlon 30 

atoms substituted with fluoro on the <*> and <o-l carbon atoms, available monohalofluoro- 
carbons are used, e.g. C 2 F 0 CH 2 Br or C 2 F 0 CH 2 C1, or such halides are prepared from 
available alcohols, e.g. HCF 2 CF 2 (CH 2 )30H. For those halides of the formula 
G— CH 2 — Hal wherein G is — (CH 2 \— X, X being 3,3,4,4,4-pentafluorobutyl the 

35 known alcohol of the formula CF 3 CF 2 CH 2 OH is reacted with PBr 3 or PC1 3 to give 35 
CF 3 CF 2 CH 2 Br or CF 3 CF 2 CH S C1. Reaction of those halides with sodium cyanide, 
hydrolysis of the resulting nitrile, reduction of the resulting acid with lithium aluminium 
hydride, and reaction of the resulting primary alcohol with PBr 3 or PC1 3 gives the 
first member of this series, CF 3 CF 2 CH 2 CH 2 Br or CF 3 CF 2 CH 2 CH 2 C1. Repetition of 

40 this series of reactions produces, one by one, the remaining necessary primary penta- 40 
fluoro bromides or chlorides. 

For type H — (d) above, i.e. where R 3 is hydrogen and G is 

the halides necessary to prepare those compounds, if not readily available, are advan- 
45 tageously prepared by reacting the corresponding primary alcohol, 45 

«ocH 2 c t %-Gr (T)s 

with PC1 8 , PBr 3 , HBr, or any of the other halogenating agents known in the art to be 
useful for this purpose. Some of the readily available halides are shown in Table I 
wherein s, T, and t of the formula for the intermediate halides are as defined above, 
50 and Hal is chloro, bromo, or iodo. Thus, compound No. 1 of Table 1 is represented 50 
by the formula wherein S and t are zero, and Hal is chloro, i.e. 



a - CH 2-0 
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namely «-chlorotoluene or benzyl chloride; compound No. 8 of Table I is represented 
by the formula wherein s is zero, t is 2, and Hal is bromo, i.e. 



sr-i 



1 -bromo-3-phenylpropane or 3-bromopropylben2ene; and compound No. 63 
ol I able I represented by the formula wherein s is 3, T is methyl in the 2-, 4- and 
5-posmons with respect to the C,H 2t substitution, t is 2, and Hal is bromo, i.e., 

Br-(^-0-CH 3 

namely H3-bromopropyl)-2,4,5-trimeftylbenzene. 

TABLE I 

Intermediate Halides represented by the formula 



No. 



1 

2 
3 
4 

. 5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



2-CH 3 

2-CsH, 

4-0^ 

2-CF 3 

4-OCH3 



0 

0 

0 

1 

1 

1 

2 

2 

2 

3 

3* 

3 

4 

0 

0 

0 

0 

0 



Hal 



a 

Br 
1 

a 

Br 
1 

a 

Br 
1 

ci 
a 

Br 

a 
a 
a 
a 
a 
a 



— CH— 
♦—branched j 
Et 
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No. 



TABLE I (Continued) 
T 



Hal 



10 



15 



20 



25 



19 
20 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
.33 
34 
35 

36 

37 

38 

39 

40 

41 

42 



2 
2 
2 
2 
2 
2 
2 
2 



3- CH 3 

4- CHa 

C — C 5 H U 
4-C1 

2- CF 8 

3- CF3 

4- CH3 
4-F 

3- C1 

4- C1 
4-F 

2- C1 

3- Q 

4- C1 
4-F 
2-Q 

/2-ch 9 
\4-CH3 

/2-CH3 
\5-CH3 

/2-CH3 

\6-CHs 

/3-CH3 
\4-CH 8 

/2-CH3 
\4-Cl 



2-CH3 
5-CH3 



/2-CH3 
\6-CH3 

/3-CH3 
\5-t-butyl 



0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 

2 

2 

2 

3* 

4 

0 

0 

0 

0 

0 

0 

0 

0 



Br 
Br 
Br 
Br 
Br 
Br 
1 

a 

Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 

a 
a 
a 
a 
a 

Br 
Br 
Br 



10 



15 



20 



25 



— CH— 
*— branched ^ 
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No. 



TABLE I (Continued) 
T 



Hal 



43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 



61 



2 
2 
2 
2 
2 
2 
2 
2 

2 

2 

2 

2 

2 

2 

3 



/3-CH 3 
\4-Cl 



{ 



2- CH 3 

3- Br 



/3-OCH 3 
\4-OCH3 



{ 

{ 



3-OCH3 
5-OCH3 

3-OCH3 
5-OCH3 



/2-CH3 
\4-CH3 

/2-CH 3 
\4-CH 3 

p-CH 3 
\4-CH3 

/3-OCH 3 
\4-OCH 3 



{ 



3-OCH 3 
5-OCH 3 



f3-OCH 3 
\4-OCH 3 

r3-OCH 3 
\4-OCH 3 



{ 



3-OCH 3 
5-OCH 3 



/3-OCH 3 
\5-OCH 3 



2-CH 3 

4- CH 3 

5- CH 3 



f2-CH 3 
-^4-CH 3 
16-CH 3 



I; 



4-CH3 

2-OCH 3 
L5-OCH 3 



f2-CH 3 
^3-CH 3 
L6-CH 3 

f2-CH 3 
i4-CH 3 
L6-CH3 



0 
0 
0 
0 
0 



2 
2 
4 
0 



Br 
Br 

a 
a 

Br 

a 

Br 
Br 
Br 
Br 
1 

Br 
Br 
Br 

a 
a 
a 

Br 



Br 
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TABLE I (Continued) 
No. s T t Hal 



62 3 f2-CH 3 0 Br 

■{ 3-OCH 3 
l6-OCH s 

63 3 f2-CH 3 2 Br 

^4-CH 3 
L5-CH 3 

5 Next, considering the intermediate halides for producing oxa-phenylene PGE-type 5 

compounds of Formulas XIII to XVI, wherein R 3 is alkyl of one to 4 carbon atoms, 
inclusive (A), and G is either of the four types (a), (b), (c), or (d) above, these organic 
chlorides and bromides, 

R 3 
I 

G— CH— Hal, 



10 are known to the art or can be prepared by methods known in the art. 10 
For types A-(a) and A-(b) above, i.e. where R 3 is alkyl and G is either (a) hydro- 
gen or (b) alkyl of one to 10 carbon atoms substituted with 0 — 3 fluorine atoms, there 
are available such monohalofluorohydrocarbons as CHF 2 CHCICH 3 , CFjCHBrCH-, 

CF 3 CH 2 CHBrCH 3 , CHsCF.CHClCHs, CFjCHClQHs, and 

15 CoHjCFsCHClCHsi, for example. Those not readily available are prepared from the 15 
corresponding secondary alcohol 

R s 

G — CHCOH, 

wherein R 3 is as denned above, with PCls, PBr 3 , or any of the other halogenatihg agents 
known in the art to be useful for this purpose. Such alcohols include, for example, 

20 CH 2 FCH(OH)CH 2 F, CF;.(CH.,).,CH(OH)CH s , CF 3 CH(OH)(CH 2 )CH 3 , 20 

CF 3 CH(OH)(CH 2 ) 3 CH 3 , CFaCHCOHjqCH,^, 

and 

CF 3 CH(OH)(CH 2 ) 5 CH 3 . 

In the case of X being isobutyl or tert-butyl, lower molecular weight primary 
25 alcohols are transformed to the corresponding longer-chain carboxylic acids and thence 25 
to the corresponding secondary alcohols by preparing the intermediate ketones, 

R 3 

I 

G — C=0 

by known procedures, for example G — COCl+(R 3 ) 2 Cd, thereafter reducing the ketone 
to the secondary alcohol with sodium borohydride. 
30 In the case of X being 3,3-dinuorobutyl, the procedure described above is applic- 30 

• able to converting CH 3 — CF 2 — (CH 2 ) 2 — COOCH 3 described above to 

R 3 

I 

CHs-CF,— (CHo),— CHOH. 
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These alcohols are then transformed to the bromide or chloride by reaction with PBr 3 
or PQ,. 

In the case of X being 4,4-difluorobutyl, the corresponding secondary alcohols are 
prepared as described above, using intermediates prepared for the primary alcohols of 

5 this type above. , . ^ 

In the case of X being 4,4,4-trifluorobutyl, corresponding secondary alcohols are 
prepared by transforming CH^OOC— (CH 2 )f— CHO to CHaOOC^CH^f— C(R 3 )0 
by known methods and then proceeding with that ketone as described above for the 
aldehyde under the type H-(b) intermediates. 

10 For the type A-(c) halides, Le. where R 3 is alkyl and G is alkyi of 2 to 10 carbon 10 

atoms substituted with A — 5 fluoro on the o> and <o-l carbon atoms, available secondary 
alcohols are transformed by the usual reactions with PC1 3 or PBr 3 , using for example, 

CF 3 CF 2 CH(OH)CH 3 , CF 3 CF 2 CH(OH)CH s CH 3 , 
CF 3 CF 2 CH(OH)(CH 2 )3CH 33 and CF 3 CF 2 CH(OH)C(CH 3 )3. 
15 For those halides of the formula 15 

I 

G— CH— Hal 



wherein G is — (CH 2 ) d — X, X being 3,3,4,4,4-pentafluorobutyi, the appropriate carb- 
oxylic acid intermediate prepared as described above under type H-(c) is transformed 
to an alkyl ketone, thence by reduction to the secondary alcohol, and finally by bromina- 
20 tion or chlorination, e.g. with PBr* or PC1 35 to the desired secondary halide. 20 
For type A-(d) halides, i.e. where R$ is alkyl and G is 



some of the readily available halides are shown in Table II. Thus, compound No. 1 of 
Table II is represented by the formula wherein s=0, Ra=methyl, t=0, and Hal=Cl, 
i.e, 25 



ft 



namely (l-cMoroethyl)benzene; and compound No. 13 of Table II is represented by 
the formula wherein s=2, T=methyl, R 3 = methyl, t=l, and Hal=Br, i.e. 



?"3 _^CH 3 
Br-CH-CB 2 -^-CH 3 



30 namely 4 - (2 - bromopropyl) - o - xylene or 1 - (2 - bromopropyl)3,4 - dimethyl- 30 
benzene 
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25 



TABLE II 

Intermediate Halides represented by the Formula 









Hal-CB- 


-CtiferQT^ 










No. 


s 


T 


^3 


t 


Hal 




5 


1 


0 






0 


CI 


5 




2 


A 

u 




p w 


0 


a 






3 


0 




P TT 


0 


Br 






4 


0 






0 


1 






5 


0 




PH- 


1 


a 




10 


6 


0 




M P W 


1 

J. 


Cl 


10 




7 


0 




PW 


1 


Br 






8 


0 




P W 


2 


a 






9 


1 


4-C 8 H 5 


CH 3 


0 


a 






10 


1 


4-F 


CH 3 


0 


a 




15 


11 


1 


4-Vj. 




0 


Br 


15 




12 


1 


4-F 


C 2 H 5 


0 


Br 






13 


2 


/3-CH 3 
\4-CH 8 


CH 8 


1 


Br 






14 


2 


/3-OCH 8 
\4-OCH 8 


CH 3 


1 


Br 






15 


2 


/2-OCH 8 
\6-OCH 8 


CH 8 


1 


Br 




20 


Other intermediate 


halides of the general formula 






20 








HaH 


Wo* 









may be obtained from the secondary alcohols as discussed above. The secondary 
alcohols, wherein R 3 is alkyl, are prepared by transforming the — COOH of the corres- 
ponding carboxylic acid, 

to a ketone by known procedures, e.g. by way of the acyl chloride and a dialkylcadmium. 
Reduction of the ketone with sodium borohydride then yields the secondary alcohol, 



o 

-CH=CH-(L(CH 2 )a-CH 3 . 
The resulting unsaturated ketone is reduced to the corresponding 

OH 

-CH=CH-CH-(CH 2 )a-CH3 
for eLnp,e, b/triS? ^X^^Z^S^^^ 

S (llltpSSS^^™^ * e hydroxy-substituted 



"r-cife-co-^a^Crl. 
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and triphenylphosphine. Following the steps above, the resulting unsaturated ketone 
containing the moiety 

-ch=ch-?-(ch 2 vO' ( ^ 

is reduced to the corresponding secondary alcohol. The -OH in that group is replaced 
by fluoro by known methods. . . £ ^ . . -d^~a 0 

7 Another preference mentioned above is that the 1-position of G m the Formula 
XHI-to-XXXVIII compounds be mono- or di-substituted with alkyl of one to 4 car- 
boo atoms, particularly methyl or ethyl. In the steps of the shown m Ch am 
D and E, G is then G'"— CR 2 ,R 22 — wherem R 2 i and R 22 are methyl or ethyl ana 
G'" is preferably alkyl of 2 to 6 carbon atoms or 

-(CH 2 \^ 

wherein k is zero one, 2, or 3. Thus, in preparing the Formula-XXXVI intermediate 
£ Wittig reagen^ is ^prepared from a halo compound of the general formula 
K R Jcl H-Hal wherein Hal is chloro or bromo. These compounds are 
L^mt^ ^ ^pa^d by methods known in the art, including those 

meth F?r Splf whm'G'" is CH 3 (CH 2 y-, R* and R 21 are hydrogen and R 22 is 
memyrtSs m^ed 1-bromo (or -chloro>2-methymexane. If the halo compound 
^ not available the corresponding carboxylic acid is transformed to the alcohol and 
meS to Se hahTe. Thus, P 2,2-diethylvaleric acid yields l-bromo-2J-diemyl P entane, 
wherein G'" is CH 3 (CH 2 ) 2 -, R* is hydrogen, and R 2a and R 22 are ethyl 

2-Ethvlhexanoic acid yields 3-chloromethylheptane, wherem G'" is CH^CtMr-, 
R s ^Krhydrogenfand R 22 is ethyl. .^^^ 
bromomethvl-3-mcthylheptane, wherein G'" is CH 3 (CH 2 ) 3 — , K 3 is ^y^ r0 ^^" * & 
S;r2 L is ethyf. 2-Phenylpropionic acid yields 1-bromo -^SS 
wherein G'" is phenyl, R s and R 2l are hydrogen, and R 22 is methyl 2;Meftyl i 
himnic acid yields l-bromo-2-methyl-2-phenylbutane, wherein G'" is phenyl, R 2 s 
hffiSenjL S mXl, and R 22 is ethyl 2 - Methyl - 4 - (2,4,5 - ^emoxyphenjd)- 
butvrif acid yields 1 - chloro - 2 - methyl - 4 - (2,4,5 - mmethoxyphenyl) - butane. 
Sin G'" ^V4.5-trimethoxyphenyl)ethyl, R 3 and R 2l are hydrogen, and R 22 is 

^Mono-alkyl substituted alkanoic acids useful for F W ^ **> inter- 
mediates are prepared by alkylation of an *-keto acid, G" -CO— COUrl, e.g. 



(T) s 



(CH 2 \-C0-COOH 



(prepared via the acid chloride and thence the nitrile) by means of a Grignard reagent, 

R2 ^T S Sm°n5foSon of bicyclo-ketone-olefin XXXVI to glycol XLIV is carried out 
by relSnToreTSvi wim a hydroxylation reagent. Hydroxylauo^oreagen^ md 
precedures for this purpose are known in the art. See, for example, Gunstone Advances 
£ OraaSc Chemistry Vol. 1, pp. 103—147, Interscience Publishers, New York, N.Y. 
aSTvt^iS^r^S «t obtained depending on such factors as whether 
olefin XXXVnsdror trSs and endo or exo, and whether a cis or a tram ; hydroxyla- 
SThSS is ^uLd TheTeTarious glycol mixtures are separated into individual isomers 
bTsiKel Smatography. However, this separation is usually not necessary, smce 
Sch is^mlric too glycol is" useful as an intermediate accordmg to this invention and 
thfnroasses Toudined in Chart D to produce final products of Formulas XXXIII and 
XXXFV^nd Sanding to Char£ A, B, and C to produce the other final products 
of mis invSion Thus, the various isomeric glycol mixtures encompassed by Fonnula 
XLW piced from the various isomeric olefins encompassed by Formula XXXVI 
are all useful for these same purposes. 
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R»— C-R : 



pad? 2SS for » * e ce of 

large excess of the ketone and I KhSnSfJ? ? 7 ?% aa . ueou s perchloric acid. A 
Examples of ^MkSS^teS^!^^^ ^ reaction ' 
and methyl propyl ketone. 'aJEV^JS * 7?%^^*** ^ 

Referring again to Chart D, cyclic ketal yvty I ^ « m J tlus process ' 
by alkylating witt an alkylation agS of Sffi ^Wd to cyclic ketal XXX 



R 2 

Hal-CH-J— COOR, 



f 2 

and Hal-CH-J_COOR 10 

R 2 

Hal— CH— Z— COOR : 



arc prepared by methods known in the art Th^m o~ 

passed by these two genera aiky&J a^enS. ^ ° f encom- 



32 



10 



S^fe^J^VSS ft^ HaI 5 bro ^, or iodine, 

alkylating with an^SoJ agent^SrTula » ° kfin XXXVI1 by 

R 2 

15 Hal-CH— Z— COOR 10 15 
WhC Any^f V V? d . Hal a « ^ denned above. 

^ck^ol^Sar^ 1 T wn > ** a « to be useful for alkylating 
„ ft of XXIX to XXX, Srf^SSFff" « «dfcr tte transformation? 
20 Belgian patent No.' 702$ •SS ^° U ft abore -™ntioned 

lar alkylations, e g employing K^M^S^ "* ^ t0 ^ ° Ut simi - 20 

alkylatl^esf^aU JESSm" br ° m<> or iodo " ^ * *e usnal 

oc hydrides, are usefufforlS afitit aS £5 "f^^*", and'alkali metal 
25 tert-alkoxides. Sodium and^SuS ar^S "ST* 68 T P referred > ^P^ally 

is potassium tert-butoxide S d&S^t^T^ EspedaUy preferTed 25 

-CHR^-J— COOR l0 

usuaDypredom,W uVeo?WexcSS * e alpha configuration 

35 in production of larger amount ofbett £35? USUa " y . reSult 

are separated at this sta^e nr *™ pr0QUCls - alpha-beta isomer mixtures - 35 

in ChL D and^ SE^SS^ R^fitR 

The necessary alkylating aopnt* f„t T y u P rel , errec ? for a™ separation, 
pounds of the formulas 5 *° r me a0ove -descnbed alkylations, e.g. com- 



40 
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Alkylating agents of the formula 

R a 

Hal-tH— Z-COOR l0 
include compounds of the formulas: 

R 2 ^CpH 2p -0-CqH 2 q-CO0R, 0 

h ^.Cp8 2 p-0-CqHa r C00fi B 
5 Hal4H-C*C-qH 2 ]-{J smr 

Alkylating agents of the formula 

Hal— CH— J— COOR„ 

include die above-listed compounds of Formulas XLVI and XLVII, and also com- 
pounds of the following formulas: 



XLSDI 



?2 



These alkylating agents of Formulas XLVI to XLIX are accessible to those of 
ordinary skill in the art In one route, the 

Hal— Ah— J— COOR 10 

15 compounds are obtained from aldehyde or ketone reactants by a series of transforma- 15 
tions as follows: 

0°^sJ~COOR|o L 

HO-OKKOOR|o U 
h i 

Hal-CH-J-CQOR|0 Lff 

For example, methyl m-formylphenoxyacetate on reduction with soditm l^whydn de 
yields methyl m-Chydmxymethy^phenoxyacetate which in turn is .^£med to the 
20 Formula-LII compound, methyl mKcUoromethyl)pheno X yacetate, with tihionyl chbnde 20 
Those Fonnuta-L or Formula-LI reactants which are not commercially available 
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^J^T^f 7 Prepaied by ada P to *»n * the Willimson ether syntheses e.e 
employing a hydroxy reactant and a halo-substituted acid or ester. TbffJ&dS 

wherein Hal is chloro, bromo, or iodo, preferably iodo, proceeds in the presence of a 

Sfe-SSte^sr"' are "*■"' * vaii "" e " - pre "»- d ■» ■»« 

a E'SV*™ R " ^.hy^gen* and considering the variations of CH. and CW 
^fSS ) i |benZaldehydeS « ° btained fran 0^ P)-bro m oSyreSe'by'th°e 



CH 2 =C«-{3 /Br + d^>CK 2 ► 



«-kr c 

Compounds with QH 2e chains are obtained by replacing 



with 



it.iS^^ ^ * or p-chlorophenyl> 
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stituted acid or ester and thereafter transformed as an aldehyde to the halo alkylating 
agent within the scope of Formula LII by the following steps: 



OH 

CUfCmj-Qf + Hal-C,H 2 q-C00R, ► 



0-CqH 2q -C00R, 



reduction 



halogenation 

Available for this series of reactions are ((?, m, or />)-vinylphenol, />-allylphenol, 
and 4-(o, m, or />-hydroxyphenyl)-l-butene. 

Alternatively, a haloalkylphenyl is condensed with a halo-substituted acid or ester 
by the reaction: 

Ha[CW 2-0' * Ha!-CqH 2 q-C0OR, - 



Available are p-(2-bromoethyl)phenol, and p-(3-bromobutyl)phenol. 
10 Considering the halo-substituted acid or ester reactants in the above ether syntheses 10 

and the variations of C a H 2q , there are a wide variety of reactants available, which will 
lead to the desired Formula-LII alkylating agent. For example: 

Br— Ah— COOH 
wherein R. 3 is hydrogen or alkyl of one to 5 carbon atoms, inclusive; 
15 Br— (CH^a— COOH, Br — C(CHj) 2 — COOH, Br— C(C 2 H 8 ) 2 — COOH, 15 
BrCCCHsXQH,)— COOH, Br— CH(CH 3 )— CH=— COOH, 
Br— (CH 2 )g— COOCHs CI — CH(C 2 H 8 ) — CH 2 — COOCH 3 , 
CI — CH(n — CjH 7 ) — CH 2 — C00CH 3 , Br— CH(CH 3 )-(CH 2 ) S — COOQH,, 
Br— CH(CH 3 )— CH 2 — CHCCHa^COOC^, 
20 Br— CH(CH3)— CH(CH 3 )— CHjt- COOCjH,, 20 

Br— qCH,) 2 — CH,— CH(CH S )— COOCja,, 
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a-CHCn-CHo^-CIL-COOQH,, a-qcHo.-CH^-cooaH,, 
and Br -CH(n-QH r )-(CH 2 ) 2 -COOH, 
Q-CHCQHaMCH^a-COOH 

SSiSiT^ S. e prefened iodo rcactants ^ obtained by methods ^ t0 * ose 

t, 3 i„ r?^^? 2 ' wo ^ grou P s atta ched to the «> or <*-l carbon atom of the 
halo-substituted acid or ester reactants, it is preferred that halo be replaced with 

reaction conditions be used, for example, potassium tert-butoxide in dimethyl sulfoxide 
In another route to the Formula-LII alkylating agents, 4e wST3« 
syntheses employs hydroxy-esters or acids oHie fomS ThO-cS-COOR to 
condensation with halo-substituted react™* « mi,™.. v * Ms * CUUKl tor 



sample, «^'-dibromo-o-xylene is contacted with ethyl glycolate in the nre- 
tLvoIT, hydnd£ to ^ ethyl [Kbromome%l)benzyloxy]ace2te P 
^ -Sif halo reactants which are useful for this reaction are^bromo-fo m or 

ffi^ 1_b iT^ or 3K2-bromoethyl)ben 2 ene, l-e-bromoprop&a' or 
2)-chtorobenzene, and l-(4-bromobutyl)-l-cworobenzene. ra °P">PyV U or 

^ni Jl^H ^ grou P s attached to the carbon atom to which Hal is 
T^*> t ^ Preferred that this Hal be replaced with mesyloxy or tosyloxylprior to the 

fS. 681 - 8 "S relati vely mild bases and reaction conditions bfuK 
n f c.,v w g "ehy^y aad or ester reactants, there are available a wide ranee 

HOCHCCHsJ-COOCH^ HOC(CH a ) 2 -COOH, H0CH(C 2 H 5 )_C00H, 
HOqCH,)(C 2 H 5 )_COOH, HOCCH.^OOC^, HOCH(CH 3 )-CH 2 -COOH, 
HOCH(n-QH 7 )-COOH, HOqn-QHJCCH^COOH, 
HOCH(QH 5 )-CH 2 _COOH,HOCH(CH,>-(CH 2 ) 2 -COOH, 
HOCHCn-QH^OOH, HOqn-Qa,XCH 3 >-COOH, 

HOCHCn-QH^C^-COOCH,, HOCHCQH^CH^^COOH, 
HOCH(n-C 5 H n )-COOH, HOCHCn-CHoJ-CHr-COOH, 
are available. HOCHCn-^H^CH^-COOH 

#-we «Ett £ts tens 

if the hydroxy-acid route be used, the — CpH 2p — Hal group is preferably —P H ri 
™ Y H-f d route 18 J"* ^A^-cX-l, siCox dekS aTSasT^ 

a ~ o f om ^ a -L aldehyde reactonts which lead to the Formula-LII alkylatine aeents 
reli TK med ^ 7 reaCti0n ^halo-substituted aldehydes with hydro^S^r S 
S5£ and^e. 3 " emPl ° yed thyDbenzaldehydef p5S&£^ 
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When R 2 is alkyl, the Formula-LII 

R 2 

Hal— Ah— J— COOR 10 

alkylating agents are prepared from the corresponding reactants wherein R 2 is methyl, 
ethyl, propyl, or butyl, or their isomers. For example m-bromo^-methylstyrene reacts 



as follows 



CH 3 jrt ^ Br /°\ 

CH r^"0 + CH 2~ CH 2 — 

C% _^CH 2 CH 2 0H (0 3 ) 



Hal-CqH2q-C00R, 
CH3 ^^.CH 2 CH r O-CqH 2 <j-C0OR, 

Typical halo-substituted ketones available for this purpose include (2', 3', or 4')-( bromo > 
chioro, or iodo)-acetophenone, (3' or 4')-bromopropiophenone, (3' or 4')-chloro- 
butyrophenone, and 4'-(bromo or chloro)-valerophenone. Other reactants leading to 
10 the R 2 (alkyl)-substituted Formula-LII alkylating agents are accessible to those skilled 10 
in the art. 

Although the above methods are generally useful for preparing alkylating agents 
within the scope of formulas 

R 2 - 
Hal— Ah— J— COOR 10 

15 and 15 

R 2 

Hal— c!h— 2— COOR 10 

above, there are preferred methods for preparing the Formula-XLVII compounds con- 
taining the — C=C— CjH 2J — moiety. 

Considering the compounds of the formula 

20 Hai-CH-c=c^J 20 

there is employed as starting material (o 3 m y or p-)vinylanisole in the following series 
of transformations: 

0H OCBgCHgO-THP 

kchChQ^ m*z-{J -JUL. 

oZa JOU HO-La Hat JU 

^oc^cooh Lin: 



Herein, THP represents 2-tetrahydropyranyl and Q represents 



1,343,014 



OCHjCHjOTHP 



SLS^i^T^ f °- briDgiDg ab0U ^ tan sformations are known to 
S™?. m . ™? «*■ P «ep a, reacting first with bromine and then with 

SocT 6 To£ lATi-^ * e acet y lenic derirati ve (see J. Ant Chen? 
5oc. 56, 2064, 1934). Step b utilizes boron tribromide for example. Step c proceeds 

dSrnnln^T ^"W™ and a st ™g »»se, e.g., NaOH o? KOH, fouSSby 
riJ S^^* C Pr f mce of ™ acid or with the tetrahydropyranyl ethe? 

^lorohydnn and a strong base. Step d utilizes R 2 COCl in me presence of a 

2? ft t g H P^JT 1 * P hen y«jthium, or sodium triphenylmethW. Alterna- 
S y T ' I R = is de sirably hydrogen, paraformaldehyde is employed and step e omitted 

fcrS/fo T S °u 9 u 5 ^i 4 ( T 1970 > The reaction » ^ e is done with a meS 
SGSSnSfc sodlu, 5. b, >™ h y d n<le. In step f thionyl chloride yields the Formula-LIII 
t^Tl 0W ^ ^ m , S ? P g * e THP moiet y is selectively removed by mild 
e? S t£ £ medlUm M ^ lhe J™*?" 1 -CH 2 OH radical is oxidized to -COOH, 
Jter S SLlTu The gating agent is converted by known means to an 

ester, as defined by R 1M to yield the desired compounds. 
Considering the compounds of the formula 

formuk cl ~ c <>H s<1 --CH,OH. There are obtamed in step f compounds of the 



formula 

wherein C C H*, Hal, R 2 and THP are as denned above. Thereafter these Formula-LIV 
compounds are transformed as in step g above to the desired compounds. 
Considering the compounds of the formula 

SffoUbwm^iteps- 35 Starting mattrials ar - haI °styrenes. These are transformed by 



Hal-CH-OC-^T 



L7 



Thereafter, mese Formula-LV compounds are transformed as in step g above to the 
desired compounds. In step a, the halo compounds are converted to a Grignard reagent 
with magnesium and thence reacted with ethylene oxide. In step b, the hydroxy group 
is converted to -OTHP with dihydropyran, the acetylenic moiety is formed S&Sp 
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a leading to the Formula-LIII compounds above, and the THP moiety removed by 
mild acid hydrolysis. In step c, the chain is extended by reaction with 

Hal— CH 2 CH 2 OH, 

preferably the bromo or iodo derivatives, in the presence of strong base, e.g., phenyl 
lithium, sodium triphenylmethane, or sodium hydride. Thereafter, in step d the trans- 5 
formations follow the general scheme of steps d— f leading to the Formula-LIII com- 
pound to yield the Formula-LV compounds. Transformation as in step g above yields 
the desired compounds. 

Considering the compounds of the formula 



HalJl(>c^Q^ C ^ CH 2 0 ^ H 2r«»«tt) 10 



the series of transformations in the paragraph immediately preceeding are used, except 
that in step c Hal— CH 2 CH 2 OH is replaced by Hal— C q H 2q — CH 2 OH. There are 
obtained in step d compounds of the formula 



These Formula-LVI compounds are transformed as in step g above to the desired 15 
esters. 

Considering the compounds of the formula 



Hal-CH-C*C-CH 2 CH r {jr 2 10 



there are employed as starting materials anisoyl aliphatic acids, e.g., anisoyl-acetic acid, 

in the following steps: 20 

HO0C-CH^ CH3 ^H0C ¥ H^ H3 -^ 

J$-m-£\\ 2 -{j ' HC*C-<H 2 CH 2 -{J - 

R 2 ^.OCH^OTHP 
Hal-CH-C^C-CH 2 CH 2 -Q ™ 



In step a, the carboxyl group is reduced with a metal hydride, e.g. lithium aluminium 
hydride. In step b, where Ts represents the toluenesulfonyl ("tosyl") radical, the reac- 
tion is carried out with toluenesulfonyl chloride and pyridine. In step c, the acetylenic 
radical is introduced with lithium acetylide (see J. Am. Chem. Soc. 80, 6626, 1958) 25 
to yield the Formula-LVII intermediates. Subsequent steps in d to form the Formula- 
LVIII compounds follow from steps b— f for the Formula-LIII compounds above. 
Finally, the Formula-LVIII compounds are transformed as in step g above to the 
desired esters. 

Considering the compounds of the formula 30 



,1o.c-ch 2 c^W W0OR| ° 
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Sf ^ g toedi ^atic acids, eg., benzenediacetic 

C%CH 2 OTs 

TsOCHjCHj-Qr 

In step a, the carooxyi groups are reduced with a metal hydride, e.g. lithium aluminium 
R^f" StCP ^ reaCd0D ? lth totaenesulfimyl halide yields the bistosyl derivative. 
In step c one tosyloxy group b replaced by reaction with HO— QH 2a — CH 2 OTHP in 
Ae presence of sodium hydride in an inert solvent, e.g. dim^lfonnamide. Instep 
Li IT 16 " 0 radlCal - ,S mtr ° duce ° as in forming the Formula-LVII compounds 
^r^ U i!f q p ent T P t ttt 6 t0 f0lm J the Formuk-LIX compounds follow front steps 
«Tt™frf P oimu j a - LII i compounds above. Finally, the Formula-LIX compounds 
are transformed as in step g above to the desired esters 

!„„ Jt-^J 11 ^ above Fo ™^ a L ni-to-LIX compounds and their correspond- 
™ al ^ latmg agents as to chain length or branching in the QH 2g , QH 2j , QH 2p , 

u heSS^ a M m* 6 ld ? ntity , $ R °> ^ the scopl'of ^ 1S 
discloSd heS W SC in ^ art making ^ me Principles 

of a iSfn m ° difi . Cati, f S ? hi *, a f e encompassed within this disclosure include the use 
of afcylating agents wherein Hal is replaced by hydrocarbonsulfonyl, e.g. tosyl or mesyl 
(memanesulfonyl) groups. Furthermore, the Formula-LIII, -LIV, -Lvf-LVI, -LVIII 
and -LIX compounds are alternatively employed as alkylating agents, instead of the 
corresponding esters, and the alkylated Formula-XXXIX and -XXXVI Smpounfc 
C T erted t0 ? e 4S red p onnula-XXX and -XXXVII compounHy 
^%# 1S ? remove „ the ™ moi «y» option to convert the -CHOH moiety 
to— ^OOH, and, optionaUy, estenfication to the desired R, identity " 
aUn JzL < ^ f***™* weenie alkylating agents of Formulas XLVIII and XLIX 
vt vtt PJ^ f£rabl y F"P««» by as or trans reduction of the corresponding Formula- 
XLVH acetylenic compounds prepared as above, or by ds or ^ reduction of any 
earlier acetylenic intermediate in which both ends of the acetylenic bond are substituted 
]? > not hydrogen as m the moiety HCeeC-. Alternatively, this ds or trans reduction' 
- L^£ e * T ° n f.'^ acetylenic reaction product leading up to and indud- 
lng the final acetylemc alkylating agent of Formula XLVII. 

For these as reductions- of the acetylenic bonds, it is advantageous to use hvdroeen 
plus a catalyst which catalyzes hydrogenation of -C=G- only to ds _CH=CH^ 
Such catalysts and procedures are well known to the art Ste, for example, Fieser 
et al "Reagents for Organic Syntheses", pp. 566-567; John Wilev & te W 
New York. N.Y. (1967). Palladium (5%) on barium sulfite ^ es^eS^in the^sSS 
of pyridine as a diluent, is a suitable catalyst for this purposV Alternative Snte 

^■• to JST fon ?Ni? C8e a ^ enic com P° unds t0 «>-e%lenic am^SL^fS 
(U-dimethylpropyl)borane ("disiamylborane") and diisobutylalumimum hydride 
;„„ £tL^% ^ dx f d0QS of ^ acetylenic bond, except for those compounds contain- 
mg halogen, it is advantageous to use sodium or lithium in liquid ammonia or a liquid 
alkylamme, e.g., ethylamine. When the radical HO-CH 2 -C=C- is present in ?tbe 
acetylemc compound bemg reduced, the use of lithium aluminium hydride gives trans 
reduction of the triple bond. Procedures for these trans reductions ; a£ faS Th 

sjtr& srfi* 555* ^ above ateds pp - 577j 592 ~ 594 ' ^ 6 ° 3 > ^ *»• 
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Concerning the alkylation of the cyclopentane ring, another useful alkylation pro- 
cedure utilizes an intermediate enamine. That enamine is prepared by mixing either 
the Formula-XXIX ketal or the Formula-XXXVI olefin ketone with a secondary amine 
of the formula 

R24 

/ 

* H — N 5 

\ 

wherein R a4 and R. 5 are alkyl, cycloalkyl or alkylene linked together through carbon 
or oxygen to f&ra together with a nitrogen a 5 to 7-membered heterocyclic ring. 
Examples of suitable amines are diethylamine, dipropylamine, dibutylamine, dihexyl- 
amine, dioctylamine, dicyclohexylamine, methylcyclohexylamine, pyrrolidine, 2-methyl- 
10 pyrrolidine, piperidine, 4-methylpiperidine, morpholine, and hexamediylenimine. 10 
The enamine is prepared by heating a mixture of the Formula-XXIX ketal or 
the Formula-XXXVI olefin ketone with an excess of the amine preferably in the pre- 
sence of a strong acid catalyst such as an organic sulfonic acid, e.g., /Htoluenesulfomc 
acid, or an inorganic acid, e.g., sulfuric acid. It is also advantageous to carry out this 
reaction in the presence of a water-immiscible diluent, e.g., benzene or soluene^ and 
to remove water by azeotropic distillation as it is formed during the reaction. Then, 
after water formation ceases, the enamine is isolated by conventional methods. 
The enamine is then reacted with a haloester, 



15 



35 



15 



X— CH— J— COORi 0 

20 to give the desired Formula-XXX or -XXXVI product. This reaction of the diamine 20 
is carried out by the usual procedures. See "Advances in Organic Chemistry, Inter- 
science Publishers, New York, N.Y., Vol. 4, pp. 25-47 (1963) and references cited 
therein. In addition to halogen, X in 

R 3 

X— CH— J— COORi 0 

05 can also be tosylate, and mesylate. It is especially preferred that X be bromine or 2 5 
iodine. Dimethyl sulfoxide is especially useful as a diluent in the reaction of the enamine 
with the haloester. . , VVY 

Referring again to Chart D, after alkylation as discussed above, cyclic ketal XXX 
is transformed to glycol XXXI by reacting the cyclic ketal with an acid with pK less 
*n than 5. Suitable acids and procedures for hydrolyzing cyclic ketals to glycols are known 30 
in the art Suitable acids are formic acid, hydrochloric acid, and bone acid. Especially 
preferred as diluents for this reaction are tettahydrofuran and ^ meth ? x y c ™^ xrTT 
Referring again to Chart E, after alkylation as discussed above, olefin XXXVll 
is hydroxylated to glycol XXXVIII. As discussed above, the divalent radical — Z— 
includes the radicals 35 



wherein CgH 2g , QH 2i , and C q H 2q are as defined above. When Z is 
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? 'offi^™ m SWiv^-r ^ d f ab0Ve for *» hydration 
hL^k^T^ ° g,yco1 XLIV ' Le > Wlth «V of *e known reagents and procedures 
descnbed in Gunstone, above cited. When Z is 6 ^ 



10 



15 



20 



S" f 1116 and procedures described by Gunstone tend to attack the ace*vlenic 

hnkage as well as the ethylenic linkage of the Formula-XXXVII okS. Therefore it 
KSSfe^!.v h ^ 0 S ati( ? n ^ §6 f ^ procedure which aS^^J 

HZ SeV^SlS 3,1(1 acid/as g de S SedT y C &£ 

mnalkylaS^ * e ^oylation of unalkylated olefin XXXVI to 

, Van , OUS . 'J 0136 ™ S^ols are obtained by hydroxylation of 
to, Formula-XXVII alkylated olefin. The particular Formula-XXxW plycol or 

t^TZT* ? tam£d dep ^ nds 011 *"* fact ° rs 35 whethe r the olefin XXXVII £ £ 
™?Z l 01 whe * er a « or a hydroxylation takes place. How- 

SSl natures ^ a " XXXVI1 °y*"> and threo glycols andtiie various 

proc4^ona a « F T*? as fi an , mterniediate accordin S t0 tilis Mention and the 
?°crdi^ I S^c a T, Pr °^ final products of Formulas XL and XLI, and then 
TW&S t ? t 9 hartt A. B, and C, to produce the other final products of this invention 

E^S-"*!*?"! 7 10 separate individual Formula-XXXVIII glyS 

ss WBJsrsssto* 8 symhesis > *■ separati - * 

25 be STOi 

, 5*£Tto jKK™ £ F ™!a-XXXVin com° P "s Se phen'oH 
h„ ~oZS -1 oyoroxyls are readily converted to 2-tetrahydropyranyloxv fOTI-TV, 

The -OTOT t^T"* C f in f 6 Presence of a oatalyuSEf ( ?5k: 
30 ^£1- grw P 15 "jKquendy replaced by OH under mildly ao'dic conditions 

Xx£t^J£?Jl CllW8 . ° 311(1 E ' bisf4anesulfonic acid) 7 eSxXXIlTnd 
aSnSlwf ? P i "5 f by ^ Ctl ? S glycols XKK1 and XXXVIII, respectively^ ^ 
alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid anhydride the S 

KSK" ft 5 ^ atoms '.^ve. Alkanesulfonyl 3BdE « 

and -XXXl.. bis(sulfoiuc acid) esters are then isolated by procedures kno TO torte 
to o^-o f hSL n e °Pr 0 P < 2 art Dj bi < s f c " d) ^ XXXII are transformed either 

S phenylene PGE - type c ™ -35= SST 

, . ™ e transfoi ? nations of XXxn and XXXIX to the PGE-type compounds XXXIII 

waic^ m uie range u to 60 C. In making tlie oxa-phenylene PGE, comnnnnri* ?<;°r 
is a suitable reaction temperature, the reaction then prJXS^SSnjTs to 

into the reaction. Acetone is a suitable diluent. The desired product ifcdbLdE 

•j [ • , , m °r l-ormula-XL isomers which dffer in uV conficnrarinn «f th» 

55 25 f ° u ydr0X 7' 631 ^ either "o 3 ^ 1 " or "epi", L a or tS are £vt 
55 ated from by-products and from eadi other by silica Jel chroLto^hVA^K" 
fctTvl *e mon o-sulfonic acid ester of Formula X& (S ^ Formuh XUI 
XX^hS^ 1 ? ono -. s o lfonic acid «°» are esterifiedm the Fo^ulSxXXn or 
- A XXIX bis(sulfonic aad) esters, respectively, in the same manner desSibed abov? 



40 



45 
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for the transformation of glycol XXXI or XXXVIII to bis-ester XXXII or XXXIX 
and thus are recycled back to additional Formula-XXXIII or -XL final product 

The transformations of XXXII and XXXIX to the PGA type compounds XXXIV 
and XLI, respectively, are carried out by heating bis-esters XXXII and XXXIX in 

5 the range 40° to 100°C. with a combination of water, a base characterized by its water 5 
solution having a pH 8 to 12, and sufficient inert water-soluble organic diluent to form 
a basic and substantially homogenous reaction mixture. A reaction time of one to 10 
hours is usually used. Preferred bases are the water-soluble salts of carbonic acid, 
especially alkah* metal bicarbonates, e.g., sodium bicarbonate. A suitable diluent is 

10 acetone. The products are isolated and separated as described above for the transforma- 10 
tion of bis-esters XXXII and XXXIX to PGE-type products XXXIII and XL. The 
same mono-sulfonic acid esters XXXV and XLII observed as byproducts in those 
transformations are also observed during preparation of PGA-type products XXXIV 
and XLI. 

15 For the transformations of bis(sulfonic acid) esters XXXII and XXXIX to final 15 

products XXXIII, XXXIV, XL, and XLI, it is preferred to use the bis-mesyl esters, 
i.e., compounds XXXII and XXXIX wherein R 13 is methyl. 
Referring again to Charts D and E, the configuration of the 



-Ah— j 



R 2 

-J— COORio 

20 radical in the Formula-XXXII bis-esters or the configuration of the 20 

R 2 

— (2H— 2— COOR l0 

radical in the Formula-XXXIX bis-esters does not change during these transformations 
of XXXII to XXXIII, XXXIV, and XXXV, and of XXXIX to XL, XLI, and XLII. 
Therefore, when in Formula XXXII for example, J is 

25 -(CHzV-O-CI^-O-CHj- 25 



G' is — (CH 2 ) 4 — CH 3 , and R 2 , R 3 and R* are hydrogen, natural- and epi-configura- 
tion S-oxa^-inter-o-phenylene-PGE! esters (XXXIII) are obtained when 

R 2 

—Ah— J— COORio 

is attached initially (XXXII) in alpha configuration, and natural- and epi-configura- 
30 tion S-iso-S-oxa-^S-iBfer-o-phenylene-PGEi esters (XXXIII) are obtained when that 30 
radical is attached in beta configuration. Similarly, when in Formula XXXII, J is 



G' is — (CH 2 y- CH 3 , and R 2 , R 3 , and R 4 are hydrogen, natural- and epi-configuration 
5,6-dehydro-3-oxa-4^-»)rter-/)-phenylene-PGE 2 esters are obtained when 



35 



R. 
— CH— 



■J— COORio 35 



is atttched initially in alpha configuration, and the corresponding 8-iso compounds are 
obtained when that radical is attached in beta configuration. The same SSSfafctf 

R 2 
I 

— CH— J— CO OR lu 

TSSZFZSgf* FormuIa - XXXIV XXXV ^pounds are produced, and 

— CH— Z — COORi 0 

Fornlk/v^v^v^T aDd ^ oxa -P hen y^e PGE-type compounds and the 
D and e'S V ^d XLI oxa-phenylene PGA-type compounds shown in Charts 

^n±Jrp% ^T^nT ld Wherem Rl « 15 as defined above - Moreover, 

nw^? p GE-type and PGA-type R 10 esters are used to prepare the other oxa- 

K^s^S^r iP T^ aOTrd ^, tt> . Chans A > B ' and C, con^oS- 
vrv ZJ likely to be produced, espeaally in die case of the oxa-phenylene 

hiventionT^n ISaS °P-P hei iy lene Prostaglandin-like compounds of this 
invention be m free aad form, or m salt form which requires the free acid as a start- 

S g FoS • ?w P , G vv S ^ TT ° f F ™ lasXVn t0 XX * e PGB^e compounds 
tit mSrlS f Y t0 XXVI11 "5 f, asil y Mrolyzed or saponified to the free adds by 

IvTSbty SytTe^r 7 " Rl (RW) " aM ° f ° De t0 4 ^ indU " 

t™» 2. the ?^ er ha ? d ' ^ T PGE W esters of Formulas XIII to XVI and the PGA 
type esters of Formulas XXI to XXIV are difficult to hydrolyze or sapontfy without 
causing unwanted structural changes in the desired acids. There are 3oSr^reS 
tompZS C freC f ° mS ° f ^ F ° rmula Xin-to-XVI^ n rXX?S-xSv 
One of those procedures is applicable mainly in preparing the free acids from the 
corresponding alkyl esters wherein the alkyl greup conkins one to 8 SrbonToms 

xmTxvXTx^ s t ub is ecting h a * yl ester fc2 

specie oi 'ShSSSrf r XI , V ^rS* aCyI T "J™ ^ stem of a microorganism 
rSf °f Subphylum 2 of Fhylum III, and thereafter isolating the acid. See West 
Germany Offeniegungsschrift No. 1,937,678; reprinted in Farmdoc Compete Specifi- 

3S3S£?&-&% a " R > Week R5 > *«* 18 > 1970 - ^h S K fi nt 

^elglS 

Another procedure for mal;ing tlie free acids of Formula XHI-to-XVI PGE-tvne 
compounds and Formula XXI-to-XXIV PGA-type compounds involves iamWrf 
certain haloethyl esters of those acids with zinc metal and Talkano c ad? Tl tol 
carbon atoms, preferably acetic acid. Those haloethyl esters are me estere wherein R 
is etiiyl substituted in the ^-position with 3 chloro, 2 or 3 bromo/or^eTz or 3 iodo 
Of diose h^thyl radicals, W : trichloroethyl is preferred. Zinc dust is preferred as 
die physical form of the zmc Mixing the haloethyl ester with the zinc du^aTabout 
L % s f ve 5 al ,. no B rs «««Hy substantially complete replacement of the halo- 

ethyl radical of the Formula XHI-to-XVI or XXI-to-XXIV es£r with hydroS. lie 
free acid is then isolated from the reaction mixture by procedures knovj Ke art 
This procedure is also applicable to the production of Formula XVIlZxX PG?: 
type free acids or Formula XXV-to-XXVIII PGB-type free acids 

Formula-XXX cyclic fcetals and Formula XXXVII olefins wherein R,„ is halo- 
ethyl as above defined are necessary as intermediates for this route to Ae toal PGR 
PGF, PGA, and PGB type free acids. These Fonnula-XXX and -XXXVII haloethvl 
olefin vm^ T£ PWanriby alkylation of cyclic ke^l XXIX (Chart D) or 
o t, io f - (C 5 art .^respectively, with the appropriate Formula XLVI-to-XLIX 

SSS&mnK I? 0 * d ^ naL However > Purred™ 
F and Q mula " XXX 311(1 -XXXVII haloethyl ester intermediates are shown in Charts 

»«i JS, F mi Gj , G ' I' R; ' R3 ' R » R »> R '=> and - are as denned above 
Haloethyl represents ethyl substituted in the jS-position with 3 chloro, 2 w 3 bromoi 
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or 1, 2, or 3 iodo, preferably — CHsCCla. Ri 5 represents alkyl of one to 4 carbon atoms, 
inclusive, preferably methyl or ethyl. 

Compound LX in Chart F is within the scope of compound XXX in Chart D. 
Compound LXVI in Chart G is within the scope of compound XXXVII in Chart E. 

5 Ketones LX and XLVI are reduced to corresponding hydroxy compounds LXI and 5 
LXVTI, respectively, with a carbonyl reducing agent, e.g., sodium borohydride, as 
described above in discussion of Chart A. Then, hydroxy esters LXI and LXVII are 
saponified by known procedures to hydroxy acids LXII and LXVIII, respectively. 
These two hydroxy acids are transformed to keto haloethyl esters LXV and LXXI, 

10 respectively, by oxidation of the hydroxy group to keto and esterification of the carboxyl 10 
group to — COO-haloethyl. As shown in Charts F and G, these two reactions are car- 
ried out in either order. However, it is preferred to oxidize first and then esterify. 
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CH-Z-COOR15 




ixvr 



C« 4 =CE 3 G 
LEZH 



?2 



CH-Z-COO-haloethijI 



=CR 3 G 



i 4 =CR 3 G 



ITTY 




n ? 2 

u CH-z-COO-ha!oethyl 
.CR4f=CR 3 G 

uxr 




°s^_CH-Z-C00H 

CR 4 =CR 3 G 
LXX 



Hydroxy acids LXII and LXVIII are oxidized to keto acids LXIV and LXX 
respectively and hydroxy haloesters LXIII and LXIX are oxidized to keto haloesters' 
x.XV and LXXI, respectively, by reaction with an oxidizing agent which does not 
attack other parte of these molecules, especially the cyclic ketal group of compounds 5 
LXII and LXIII or the ethylenic linkage of compounds LXVIII and LXIX An 
especially useful reagent for this purpose is the Jones reagent, i.e., acidic chromic acid. 
Acetone is a suitable diluent for this purpose, and a slight excess of oxidant and tem- 
peratures at least as low as about 0°C, preferably -10° to -20°C. should be used. 
The oxidation proceeds rapidly and is usually complete in 5 to 30 minutes. Excess 10 
oxidant is destroyed, for example, by addition of a lower alkanol, advantageously iso- 
propyl alcohol, and the acid is isolated by conventional methods, for example, by extrac- 
tion with a suitable solvent, e.g., diethyl ether. Other oxidizing agents can also be used. 
Examples are mixtures of chromium trioxide and pyridine or mixtures of dicylcohexyl- 
carbodumide and dimethyl sulfoxide. See, for example, J. Am. Chem. Soc. 87, 5661 15 

t V tF? ° ethyl esters LXIII > Lxv > LXIX, and LXXI are prepared by acids 
LXII, LXIV, LXVIII, and LXX, respectively, with the appropriate halcethanol, e.g., 
&/?,£-tochloroethanol, in the presence of a carbodiimide, e.g., N,N'-dicyclohexyl- 
carbodiimide, and a base, e.g., pyridine, preferably in the presence of an inert liquid 20 
diluent, e.g., dichloromethane, for several hours at about 25 °C. 

As described above, the alkylations of cyclic ketal XXIX to XXX (Chart D) and 
olefin XXXVI to XXXVII (Chart E) usually produce mixtures of alpha and beta 
alkylation products with respect to the 

R 2 
I 

— CH— J— COOR 10 25 



and 



R 2 
I 

_CH— Z—COOR 10 
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moieties. Also as described above, diose two isomers lead to different final products, 
alpha leading to the PG-type series, and beta leading to the 8-iso-PG-type series. If a 
compound in one or the other of those two series is preferred, there arc two methods 
for favoring production of the preferred final product. 

5 One of those methods involves isomerization of the final product of Formulas XIII 5 

to XXVIII. Either the alpha isomer of a Formula XHI-to-XXVIII compound, ester 
or free acid, or the corresponding beta isomer is maintained in an inert liquid diluent 
in the range 0° to 80°C. and in the presence of a base characterized by its water solu- 
tion having a pH below about 10 until a substantial amount of the isomer has been 

10 isomerized to die other isomer, i.e., alpha to beta or beta to alpha. Preferred bases for 10 
this purpose are the alkali metal salts of carboxylic acids, especially alkanoic acids of 
2 to 4 carbon atoms, e.g., sodium acetate. Examples of useful inert liquid diluents are 
alkanols of one to 4 carbon atoms, e.g., ethanol. This reaction at about 25° takes one 
to 20 days. Apparently an equilibrium is established. The mixtures of the two isomers, 

15 alpha and beta, are separated from the reaction mixture by known procedures, and then 15 
the two isomers are separated from each other by known procedures, for example, 
chromatography, recrystallization, or a combination of those. The less preferred isomer 
is then subjected to the same isomerization to produce more of the preferred isomer. 
In this manner by repeated isomerizations and separations, substantially all of the. 

20 less preferred isomer of the Formula XHI-to-XXVIII compound is transformed to 20 
more preferred isomer. 

The second method for favoring production of a preferred Formula XHI-to- 
XXVIII isomer involves any one of the keto intermediates of Formulas XXX, XXXI, 
XXXVII, or XXXVIII (Charts D and E). Either the alpha form or the beta form of 

25 one of those intermediates is transformed to a mixture of both isomers by maintaining 25 
one or the other isomer, alpha or beta, in an inert liquid diluent in the presence of a 
base and in range 0° to 100° C. until a substantial amount of the starting isomer has 
been isomerized to the other isomer. Preferred bases for this isomerization are alkali 
metal amides, alkali metal alkoxides, alkali metal hydrides, and triarylmethyl alkali 

30 metals. Especially preferred are alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., 30 
potassium tert-butoxide. This reaction at about 25 °C. proceeds rapidly (one minute to 
several hours). Apparently an equilibrium mixture of both isomers is formed, starting 
with either isomer. The isomer mixtures in the equilibrium mixture thus obtained are 
isolated by known procedures, and then the two isomers are separated from each other 

35 by known procedures, for example, chromatography. The less preferred isomer is then 35 
subjected to the same isomerization to produce more of the preferred isomer. In this 
manner, by repeated isomerizations and separations, substantially all of the less pre- 
ferred isomer of any of these intermediates is transformed to the more preferred isomer. 
Cyclic ketalketone intermediates cf Formula XXX are preferred over the other inter- 

40 mediates for this isomerization procedure. 40 
The novel oxa-phenylene PGE, PGF, PGA, and PGB type compounds of Formula 
XIII to XXVIII wherein R s is alkyl of one to 4 carbon atoms, inclusive, preferably 
methyl or ethyl, are preferred over the corresponding oxa-phenylene PGE, PGF, PGA, 
and PGB type compounds in which R 3 is hydrogen for the above-described pharmaco- 

45 logical purposes. 45 
The 15-alkyl prostaglandin analogs are surprisingly and unexpectedly more useful 
than the corresponding 15-hydrogen compounds for the reason that they are substan- 
tially more specific with regard to potency in causing prostaglandin-like biological res- 
ponses, and have substantially longer duration of biological activity. For that reason, 

50 fewer and smaller doses of these 15-alkyl prostaglandin analogs are needed to attain 50 
the desired pharmacological results. 

Although the above-mentioned 15-alkyl compounds are produced by the methods 
outlined above in Charts A — E, the preferred methods are set forth in Chart H and I 
as follows. 

55 In Chart H is shown the transformation of 15-alkyl PGF-type acids and alkyl 55 

esters to the corresponding PGE-type acids and alkyl esters by oxidation. For this 
purpose, an oxidizing agent is used which selectively oxidizes secondary hydroxy groups 
to carbonyl groups in the presence of carbon-carbon double and triple bonds. Formula 
LXXII in Chart H includes optically active compounds as shown and racemic com- 
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pounds thereof, and also the 15-epimers of both of those, i.e., wherein the configura- 
tion at C-15 is fi rather than « as shown. Also in Chart H, E, G, J, Ri, and R 2 are as 
defined above, and R X6 is alkyl of one to 4 carbon atoms. 

For the transformations of Chart H, the /^-hydroxy isomers of reactant LXXII 

5 are preferred starting materials when the carboxyl side chain is alpha, although the 5 
corresponding <t-hydroxy isomers are also useful for this purpose. 

Oxidation reagents useful for the transformation set forth in Chart H are known 
to the art. An especially useful reagent for this purpose is the Jones reagent, i.e., acidi- 
fied chromic acid. See J. Chem. Soc. 39 (1946). A slight excess beyond the amount 

10 necessary to oxidize one of the secondary hydroxy groups of the Formula-LXXII reac- 10 
tant is used. Acetone is a suitable diluent for this purpose. Reaction temperatures at 
least as low as about 0°C. should be used. Preferred reaction temperatures are in the 
range —10° to — 50°C. The oxidation proceeds rapidly and is usually complete in 
5 to 20 minutes. The excess oxidant is destroyed, for example by addition of a lower 

15 alkanol, advantageously, isopropyl alcohol, and the Formula-LXXIII PGE-type pro- 15 
duct is isolated by conventional methods. 

Examples of other oxidation reagents useful for the Chart H transformations are 
silver carbonate on Celite— Registered Trade Mark— -(Chem. Commun. 1102 (1969)), 
mixtures of chromium trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am. 

20 Chem. Soc, 75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of sulfur 20 
trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89, 5505 (1967)), and 
mixtures of dicyclohexylcarbodiimide and dimethyl sulfoxide (J. Am. Chem. Soc. 
87, 5661 (1965)). 

The novel 15-alkyl oxa-phenylene PGF a - and PGF/rtype acids and esters of 

25 Formulas XVII to XX wherein R 3 is one to 4 carbon atoms, inclusive, are preferably 25 
prepared from the corresponding 15-hydrogen compounds by the sequence of trans- 
formations shown in Chart I, wherein Formulas LXXIV to LXXVIII, inclusive, 
include optically active and racemic compounds thereof and also the 15-epimers of 
both of these. Also in Chart I, R lc is alkyl of one to 4 carbon atoms, inclusive, and E, 

30 G, Hal, J, R 15 R 2 , and are as heretofore defined; G" in Formula LXXVI is the 30 
same as G except that T is replaced by T", wherein T" is the same as T above except 
that, in R 3 , — Si(R 8 ) 3 replaces hydrogen. Also in Chart I, R g is alkyl of one to 4 carbon 
atoms, inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl sub- 
stituted with one or 2 fiuoro, chloro, or alkyl of one to 4 carbon atoms, inclusive, and 

35 R 17 is R! as defined above or silyl of the formula— Si— (R g ) 3 wherein R 8 is as defined 35 
above. The various R s 's of a — Si(R 8 ) 3 moiety are alike or different. For example, a 
— Si(R 8 ) 3 can be trimethylsilyl, dimethylphenylsilyl, or methylphenylbenzylsilyl. 
Examples of alkyl of one to 4 carbon atoms, inclusive, are methyl, ethyl, propyl, iso- 
propyl, butyl, isobutyl, sec-butyl, and tert-butyL Examples of aralkyl of 7 to 12 car- 

40 bon atoms, inclusive, are benzyl, phenethyl, «-phenylethyl, 3-phenylpropyl, a-naphthyl- 40 
methyl, and 2-(£-naphthyl)ethyl. Examples of phenyl substituted with one or 2 fluoro, 
chloro, or alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl, wi-fluorophenyl, 
o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, and 4-chloro-2-methyl-phenyl. 

In Chart I, the final PGF a and PGF/rtype products are those encompassed by 

45 Formulas LXXVH and LXXVIII, respectively. 45 
The initial optically active or racemic reactants of Formula LXXIV in Chart I 
i.e., the oxa-phenylene PGFo PGF 2 -, 5,6-dehydro-PGF 2 -, and dihydro-PGFx-type 
compounds in their « and ft forms, and their esters, are prepared by methods described 
herein. Thus, racemic oxa-phenylene dihydro-PGF a<r and -PGF 1/r type compounds, 

50 and their esters are prepared by catalytic hydrogenation of the corresponding racemic 50 
oxa-phenylene PGF^ or PGF 2 „, and PGF 1J5 or PGF 2/3 type compounds, respectively, 
e.g. in the presence of 5% palladium-on-charcoal catalyst in ethyl acetate solution at 
25 °C. and one atmosphere pressure of hydrogen. 

The heretofore-described acids and esters of Formula LXXIV are transformed to 

55 the corresponding intermediate 15-dehydro acids and esters of Formula LXXV, by 55 
oxidation with reagents such as 2,3-dichloro-5,6-dicyano-l,4-benzoquinone, activated 
manganese dioxide, or nickel peroxide (see Fieser et al., "Reagents for Organic 
Syntheses," John Wiley & Sons, Inc., New York, N.Y. pp. 215, 637, and 731). Alter- 
natively, and especially for the Formula-LXXIV reactants wherein E is — CH 2 CH 2 

60 and J is L as defined above, these oxidations are carried out by oxygenation in the 60 
presence of the 15-hydroxyprostaglandin dehydrogenase of swine lung (see Arkiv for 
Kemi 25, 293 (1966)). These reagents are used according to procedures known in the 
art. See, for example, J. Biol. Chem. 239, 4097 (1964). 

Referring again to Chart I, the intermediate compounds of Formula LXXV are 

65 transformed to silyl derivatives of Formula LXXVI by procedures known in the art. 65 
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See, for example, Pierce, "Silylation of Organic Compounds," Pierce Chemical Co., 
Rockford, III. (1968). Both hydroxy groups of the Formula-LXXV reactants are 
thereby transformed to — O— Si(R 8 ) 3 radicals wherein R 8 is as defined above, and 
sufficient of the silylating agent is used for that purpose according to known procedures. 
5 When R x in the Formula-LXXV intermediate is hydrogen, the — COOH radical 5 
thereby defined is simultaneously transformed to — COO — Si(R 8 ) 3 , additional silylat- 
ing agent being used for this purpose. This latter transformation is aided by excess 
silylating agent and prolonged treatment Likewise, when R 0 in T of the Formula- 
LXXV intermediate is hydrogen, the phenolic hydroxyi thereby defined is simul- 
taneously transformed to — O— Si(R 8 )3 in the silylation step. G n in Formula LXXVI, 10 
therefore is the same as G except that T is replaced by T", wherein T" is the same 
as T above except that, in R,, — Si(R 8 ) 3 replaces hydrogen. When R 2 in Formula LXXV 
is alkyl, then R l7 in Formula LXXVI will also be alkyl. The necessary silylating agents 
* or ^ ese transformations are known in the art or are prepared by methods known in 
15 the art. See, for example, Post, "Silicones and Other Organic Silicon Compounds," 15 
Reinhold Publishing Corp., New York, N.Y. (1949). 

Referring again to Chart I the intermediate silyl compounds of Formula LXXVI 
are transformed to the final compounds of Formulas LXXVII and LXXVIII by first 
oc\ acting the silyl compound with a Grignard reagent of the formula R lc MgHal wherein 
*u Rie is as defined above, and Hal is chloro, bromo, or iodo. For this purpose, it is pre- 20 
ferred that Hal be bromo. This reaction is carried out by the usual procedure for Grig- 
nard reactions, using diethyl ether as a reaction solvent and saturated aqueous 
ammonium chloride solution to hydrolyze the Grignard complex. The resulting disilyl, 
trisilyl, or tetrasilyl tertiary alcohol is then hydrolyzed with water to remove the silyl 
25 groups. For this purpose, it is advantageous to use a mixture of water and sufficient of 25 
a water-miscible solvent, e.g., ethanol to give a homogenous reaction mixture. The 
hydrolysis is usually complete in 2 to 6 hours at 25°C, and is preferably carried out in 
an atmosphere of an inert gas, e.g., nitrogen or argon. 

The mixture of 15-a and 15-£ isomers obtained by this Grignard reaction and 
30 hydrolysis is separated by procedures known in the art for separating mixtures of 30 
prostanoic acid derivatives, for example, by chromatography on neutral silica gel. In 
some instances, the lower alkyl esters, especially the methyl esters of a pair of 15-« 
and 15-£ isomers are more readily separated by silica gel chromatography than are 
the corresponding acids. In those cases, it is advantageous to esterify the mixture of 
35 acids as described below, separate the two esters, and then, if desired, saponify the 35 
esters by procedures known in the art for saponification of prostaglandins F. 

r^S^ 1 Formula - LXXVI1 and -LXXVIII compounds wherein E is 
— CH 2 CHR 4 — and J is L as defined above may be produced according to the processes 
of Chart I, it is preferred to produce those novel dihydro-PGF! analogs by hydrogena- 

40 ?° n °Lr ne of ^ e corres P° nd ing unsaturated compounds, i.e., a compound of Formula 40 
LXXVn °r LXXVIII jwherein E is irons — CH=CR I — and J is either L, 
— CH-CH—M— , — C=C— M— , M being defined above. This hydrogenation is 
advantageously carried out catalytically, for example, in the presence of a 5°/ pal- 
ladium-on-charcoal catalyst in ethyl acetate solution at 25°C. and one atmosphere 

45 pressure of hydrogen. r 45 

The novel 15-alkyl oxa-phenylene PGA-type and PGB-type acids and esters of 
Forrnulas XXI to XXVIII are prepared from the 15-alkyl oxa-phenylene PGE com- 
pounds, heretofore described, by dehydrations and double bond migrations previously 
described, as shown in Chart A. Likewise the 15-alkyl PGB-type compounds are pre- 

50 pared by contacting the 15-alkyl PGA-type compounds with base. For the transforma- 50 
tion of the 15-alkyl PGE-type compounds to the 15-alkyl PGA-type compounds of 
this invention (Chart J), it is preferred that a dehydrating agent be used which removes 
the hydroxy group from the alicyclic ring in the presence of a hydroxy group on a 
tertiary carbon atom. Formula LXXIX as shown includes optically active compounds 

55 and racemic compounds thereof, and also the 15-epimers of both of those. Any of the 55 
known substantially neutral dehydrating agents is used for these reactions. See Fieser 
et al., cited above. Preferred dehydrating agents are mixtures of at least an equivalent 
amount of a carbodiimide and a catalytic amount of a copper (II) salt Especially pre- 

An ferred arc mixtures of at least an equivalent amount of N,N'-ditydohexylcarbodiimide 

ou and a catalytic amount of copper (II) chloride. An equivalent amount of a carbodiimide 60 
means one mole of the carbodiimide for each mole of the Formula-LXXIX reactant 
To ensure completeness of the reaction, it is advantageous to use an excess of the 
carbodiimide, i.e., 1.5 to 5 or even more equivalents of the carbociiimide. 
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The dehydration is advantageously carried out in the presence of an inert 
organic diluent which gives a homogeneous reaction mixture with respect to the 
Formula-LXXIX reactant and the carbodiimide. Diethyl ether is a suitable diluent. 

5 It is advantageous to carry out the dehydration in an atmosphere of an inert gas, 5 
e.g., nitrogen, helium, or argon. The time required for the dehydration will depend 
in part on the reaction temperature. With the reaction temperature in the range 20° 
to 30° C, the dehydration usually takes place in 40 to 60 hours. 

The Formula-LXXX product is isolated by methods known in the art, e.g., 

10 filtration of the reaction mixture and evaporation of the filtrate. The product is 10 
then purified by methods known in the art, advantageously by chromatography on 
silica gel. 

The final Formula XIII-to-XXVTII compounds prepared by the processes of 
this invention, in free acid form, are transformed to pharmacologically acceptable 

15 salts by neutralization with appropriate amounts of the corresponding inorganic or 15 
organic base, examples of which correspond to the cations and amines listed above. 
These transformations are carried out by a variety of procedures known in the art to 
be generally useful for the preparation of inorganic, i.e., metal or ammonium^ salts, 
amine acid addition salts, and quaternary ammonium salts. The choice of procedure 

20 depends in part upon the solubility characteristics of the particular salt to be pre- 20 
pared. In the case of the inorganic salts, it is usually suitable to dissolve the Formula 
XIII-to-XXVIII acid in water containing the stoichiometric amount of a hydroxide, 
carbonate, or bicarbonate corresponding to the inorganic salt desired. For example, 
such use of sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a 

25 solution of the sodium salt. Evaporation of the water or addition of a water- 25 
miscible solvent of moderate polarity, for example, a lower alkanol or a lower alkanone, 
gives the solid inorganic salt if that form is desired. 

To produce an amine salt, the Formula XHI-to-XXVIII acid is dissolved in a 
suitable solvent of either moderate or low polarity. Examples of the former are 

30 ethanol, acetone, and ethyl acetate. Examples of the latter are diethyl ether and 30 
benzene. At least a stoichiometric amount of the amine corresponding to the desired 
cation is then added to that solution. If the resulting salt does not precipitate, it is 
usually obtained in solid form by addition of a miscible diluent of low polarity or 
by evaporation. If the amine is relatively volatile, an excess can easily be removed 

35 by evaporation. It is preferred to use stoichiometric amounts of the less volatile 35 
amines. 
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Salts wherein the cation is quaternary ammonium are produced by mixing 
the formula XHI-to-XXVIII acid with the stoichiometric amount of the correspond- 
ing quaternary ammonium hydroxide in water solution, followed by evaporation of 
the water. r 
5 The final Formula XHI-to-XXVIII acids or esters prepared by the processes 

" ™ "Y^?* 011 816 transformed to lower aikanoates by interaction of the Formula 
1 j^j hydroxy compound with a carboxyacylating agent, preferably the 

anhydride of a lower alkanoic acid, i.e., an alkanoic acid of one to 8 carbon atoms, 
mclusive. For example, use of acetic anhydride gives the corresponding diacetate. 

10 Similar use of propionic anhydride, isobutyric anhydride, and hexanoic acid anhydride 
gives the corresponding carboxacylates. 

The carboxyacylation is advantageously carried out by mixing the hydroxy com- 
pound and the acid anhydride, preferably in the presence of a tertiary amine such 
as pyridine or tnethylamine. A substantia^ excess of the anhydride is used, prefer- 

15 ably 10 to 10,000 moles of anhydride per mole of the hydroxy compound reactant. 15 
The excess anhydride serves as a reaction diluent and solvent. An inert organic diluent, 
for example, dioxane, can also be added. It is preferred to use enough of the tertiary 
amine to neutralize the carboxylic acid produced by the reaction, as well as any 
free carboxyl groups present in the hydroxy compound reactant. 

20 -n, The carbox y ac y Iation reaction is preferably carried out in the range 0° to 100° C 20 
The necessary reaction time will depend on such factors as the reaction temperature, 
and the nature of the anhydride and tertiary amine reactants. With acetic anhydride, 
pyridine, and a 25° C. reaction temperature, a 12 to 24-hours reaction time is used. 
The carboxyacylated product is isolated from the reaction mixture by con- 

2? vention methods. For example, the excess anhydride is decomposed with water, and 25 
the resulting fixture acidified and then extracted with a solvent such as diethyl 
ether. The desired carboxyacylate is recovered from the diethyl ether extract bv 
evaporation. The carboxyacylate is then purified by conventional methods, advant- 
ageously by chromatography. 

30 By this procedure, the Formula XHI-to-XVI PGE-type compounds are trans- 30 

formed to dialfouioates, the Formula XVII-to-XX PGF-type compounds are trans- 
formed to trialkanoates, and the Formula XXI-to-XXVIII PGA-type and PGB-type 
compounds are transformed to monoalkanoates. 

When a PGE-type dialkanoate is transformed to a PGF-type compound bv 

35 carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed and is 35 
used for the above-described purposes as such or is transformed to a trialkanoate bv 
the above-described procedure. In the latter case, the third alkanoyloxy group can 
be the same as or different from the two alkanoyloxy group present before the 
carbonyl reduction. 

40 Molecules of each of the compounds encompassed by Formulas XIII to XXVIII 40 

and, except for XXXVI and XLIII, of each intermediate formula each have at 
least one center of asymmetry, and each can exist in racemic form and in either 
enantiomeric form, i.e., d and 1. A formula accurately defining the d form would 
be the mirror image of the formula which denned the 1 form. Both formulas are 

45 necessary to define accurately the corresponding racemic form. For convenience, the *5 
various formulas are to be construed as including racemic, d, and 1 compounds. 

When an optically active (d or 1) final compound is desired, that is made by 
resolution of the racemic compound or by resolution of one of the asymmetric racemic 
- intermediates. These resolutions are carried out by procedures known in the art. For 

50 example, when final compound XIII to XXVIII is a free acid, the dl form thereof 50 
is resolved into the d and 1 forms by reacting said free acid by known general pro- 
cedures with an optically active base, e.g., brucine or strychnine; to give a mixture of 
two diastereoisomers which are separated by known general procedures, e.g, frac- 

« S fy 8 ^?*™'** 8 lv !* e r se P arate diastereoisomeric salts. The opt cally active 

55 acid of Formula XIII to XXVIII is then obtained by treatment of the salt with 
,£ ta ^f£ I i eraI Foadures. Alternatively, the free acid form of cyclic ketal 

S f^r^Z 11 ^/^ 01 XXXVI11 is resolved int ° sepamtt d iid 1 
forms and then estenfied and transformed further to the corresponding optically 
active form of the final product XIII to XXVIII as described above »pucauy 
f«™ Altemative |y' hi ? cl °, k « one .reactants XXXI or XXXVIII, in exo or endo 
form, are transformed to ketals with an optically active 1,2-glycoL e.g., D-C-1-23- 
butanedio], by reaction of said 1,2-glycol with the FormuIa-XXXI or -XXXVni 
compound in the presence of a strong acid, e.g., /Koluenesulfonic acid. The resulting 
ketal ,s a mixture of diastereoisomers which is separated into the d and 1 diastereoiso- 
65 mers, each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the original 65 
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keto compound, now in optically active form. These reactions involving optically 
active glycols and ketals for resolution purposes are generally known in the art. See, 
for example, Chem. Ind. 1664 (1961) and J. Am. Chem. Soc. 84,2938 (1962). 
Dithiols may be used instead of glycols. 
5 The invention can be more fully understood by the following Examples 3, 4, 5, 5 

8, 16 to 25 and 27 to 33. The preparations and Examples 1, 2, 6, 7, 9 to 15 and 26 
are directed to the preportion of intermediates. 
All temperatures are in degrees centigrade. 

Infrared absorption spectra are recorded on a Perkin-Elmer Model 421 infrared 
10 spectrophotometer. Except when specified otherwise, undiluted (neat) samples are 10 
used. 

Ultraviolet spectra are recorded on a Cory Model 15 spectrophotometer. 

NMR spectra arc recorded on a Varian A-60 spectrophotometer on deutero- 
chloroform solutions with tetramethylsilane as an internal standard (downfield). 
15 Mass spectra are recorded on an Atlas (Registered Trade Mark) CH-4 mass 15 

spectrometer with a TO-4 source (ionization voltage 70 ev). 

The collection of chromatographic eluate fractions starts when the eluant front 
reaches the bottom of the column. 

"Brine", herein, refers to an aqueous saturated sodium chloride solution. 

20 Preparation 1 20 

dl-iJKd0-6-(l-heptenyl)-3 -(l-pyrrolidinyl)-bicyclo [ 3. 1 .0] hex-2-ene. 
A solution of Formula-XXXVI endo-6-(czV- and frans-l-heptenyl)bicyclo[3.1.0] 
hexan-3-one (see Example 29 of West Germany Offenlagungsschrift No. 1,937,912, 
cited above) (15 g.), 25 ml. of pyrrolidine, and 200 ml. of benzene is heated under 

25 reflux while removing the water formed by distillation. After 2 hrs, the benzene is 25 
replaced by 50 ml. of toluene which is then removed in vacuo to give the endo-6-(l- 
heptenyl) - 3 - (1 - pyrrolidinyl) - bicyclo[3.1.0]hex - 2 - ene. This material gives an 
infrared spectrum having absorption attributable to the enamine double bond at 1610 
cm* 1 and free of carbonyl absorption. 

30 Preparation 2 30 

Methyl [m - (Chioromethyl)phenoxy] acetate (Formula XL VI: C g H 2g and CpH 2p 
are valence bonds in meta relationship, C q H 2<1 is methylene, Hal is chloro, R 2 is 

hydrogen, and R 10 is methyl). 

a. (m-Formylphenoxy)acetic Acid. To a solution of wi-hydroxybenzaldehyde 

35 (48.8 g.) and sodium hydroxide (16.16 g.) in 500 ml. of water is added a solution 35 
prepared from chloroacetic acid (75 g.) and sodium hydroxide (32 g.) in 100 ml. of 
water. The mixture is heated under reflux for 2 hrs., cooled, and the pH is adjusted 
to pH 1 or 2. The mixture is extracted with dichloromethane-ether and the extract 
is dried and concentrated. The solid is taken up in saturated aqueous sodium 

40 bicarbonate, extracted with ether and the aqueous phase is made acidic. The aqueous 40 
phase is extracted with dichloromethane. The organic layer is concentrated and the 
residue is recrystallized from water to give (w-formylphenoxy)acetic acid (34.0 g.) 
m.p. 114—117°. 

b. Methyl(m-Formylphenoxy)acetate. A solution of (m-formylphenoxy)aceric acid 

45 (30.0 g.) in 400 ml. of diethyl ether-tetrahydrofuran is treated with an excess of 45 
ethereal diazomethane generated from N - methyl - N' - nitro - N - nitro - 
soguanidine (32.5 g.) and 200 ml. of 30% potassium hydroxide. The organic extract 
is washed with 5% sodium hydroxide, dried and concentrated to give methyl(m- 
formylphenoxy)acetate (17 g.), as a light yellow oil. 

50 c. Methyl [w-(Hydroxymethyl)phenoxy] acetate. A solution of methyl w*-(formyl- 50 

phenoxy)acetate (30.0 g.) in 200 ml. of methanol, cooled in an ice bath to 0°, is treated 
with sodium borohydride (1.55 g.) in 30 ml. of cold water. After the addition, stirring 
is continued for 20 min., the methanol is removed, and 60 ml. of brine is added. 
The aqueous phase is extracted with ether and the ether solution is washed, first with 

55 5% aqueous hydrochloric acid, then brine, and dried. Removal of the solvent yields 55 
methyl [m-(hydroxymethyl)phenoxy] acetate (27.0 g.). 

d. Methyl[w-(Chloromethyl)phenoxy]acetate. To methyl [^-(hydroxymethyl) 
phenoxy] acetate (27.0 g.) is added 20 ml. of thionyl chloride with stirring. Follow- 
ing the addition, the reaction mixture is stirred at 25° for 30 min. and at reflux for 

60 30 min. After cooling the reaction mixture, it is dissolved in ether and washed care- 60 
fully with water, saturated aqueous sodium bicarbonate and brine. The organic layer 
is dried, concentrated and distilled to give the desired Formula-XLVT tide com- 
pound, methyl[m-(chloromethyl)phenoxy]acetate (11.0 g.) b.p. 98— 110°/0.03 mm. 
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Following the procedures of Preparation 2, but replacing chloroacetic acid with 
3-chIoropropionic acid, there is obtained, successively, 3 - [(m - formyl)phenoxy] 
propionic acid and its methyl ester, methyl 3- [7»-(hydroxymethyl)phenoxy] propionate, 
and the Formula-XL VI compound, methyl 3- [ra-(chloromethyl)phenoxy] propionate. 
5 Alternatively, Michael addition of /rc-hydroxybenzaldehyde to methyl acrylate, 5 

with base catalysis, and reduction of the product with sodium borohydride gives 
methyl 3 - [?«-(hydroxymethyl)phenoxy ] propionate. 

Preparation 3 

Ethyl [o - (Bromomethyl)benzyloxy] acetate (Formula XLVI: QHog is a valence 

10 bond, C p H 2p and CqH^ are methylene, CJi> s and Q>H 2II are in ortho relationship, 10 

Hal is bromo, R 2 is hydrogen, and R lu is ethyl). 
To a mixture of <r,a'-dibromo-0-xylene (100 g.), ethyl glycolate (47 g.}, and 
dimethylformamide (500 ml.) is added with stirring over a 1-hour period at 0—5° C, 
18 g. of 57% sodium hydride. The mixture is stirred for 16 hrs. at about 25° C and 

15 is then concentrated on a rotating evaporation at 40 — 50° C. under vacuum. The 15 
residue is diluted with one liter of a mixture of isomeric hexanes (Skellysolve B) and 
diethyl ether (1:2 by volume) and the organic solution is washed successively with 
dilute hydrochloric acid, dilute potassium hydroxide solution, water, and brine, and 
is finally dried and concentrated. The residue is chromatographed on a column pre- 

20 pared by wet-packing 3 kg. of silica gel (Brinkman) with 6 1. of 15% ethyl acetate in 20 
Skellysolve B and 30 ml. of absolute ethanol. Gradient elution of the column with 
16 1. of 15 — 35% ethyl acetate in Skellysolve B gives fractions of 400 ml. each of 
which are combined on the basis of thin layer chromatography (TLC). From frac- 
tions 18—27 there is obtained 35 g. of the desired Formula-XLVI title compound, 

25 ethyl [o-(bromomethyl)ben2yloxy] acetate. This material has A max in ethanol at 231 25 
m,w. <e 7550) with shoulders at 272 (s 700} and 278 mu (e 462). It has key absorp- 
tions in its NMR spectrum at about 7.3 (apparent single), 4.7 (singlet), 4.64 (singlet), 
4.06 (singlet), 4.0—4.35 (quartet), and 1.1—1.34 (triplet) 8. It has mass spectral 
peaks at 206, 199, 201, 185, and 183. 

30 Preparation 4 30 

Endo - 6 - (4 - phenyl - cis - 1 - butenyl) - bicyclo [3.1.0] hexan - 3 - one (Formula 

XXXVI: [Gis 



Rn and R 4 are hydrogen; and is endo). 

35 There is first prepared (3-phenylpropyl)triphenylphosphonium bromide. A 35 

solution of 597.3 g. of 1 - bromo - 3 - phenylpropane and 786 g. of triphenylphos- 
phine in 1500 ml. of toluene is heated at reflux under nitrogen for 16 hrs., then the 
mixture is cooled and the solid product is separated by filtration. The solid is then 
slurried with toluene in a Waring blender, separated by filtration, and dried for 18 

40 hrs. at 70° C. under reduced pressure to give 1068 g. of (3-phenylpropyl)triphenyI- 40 
phosphonium bromide; m.p. 210.5— 211.5° C. 

b. A suspension of 314 g. of (3-phenylpropyl)triphenylphosphonium bromide in - - 
3 1. of benzene is stirred at roorn temperature (25° C.) under nitrogen, and 400 ml. 
of 1.6 M butyllithium in hexane is added over a 20 min. period. The mixture is 

45 heated at 35° C. for 30 minutes, then is cooled to —15° C. and a solution of 100 g. 45 
of endo - bicyclo [3. 1.0] hexan - 3 - ol - 6 - carboxaldehyde 3 - tetrahydropyran - 
2'-yl ether in 200 ml. of benzene is added over a 30-min. period. This mixture is 
heated at 70° C. for 2.5 hrs., cooled, and filtered. The filtrate is washed three times 
with water, dried over sodium sulfate, and evaporated to give 170 g. of crude endo- 

50 6 - (4 - phenyl - cis - 1 - butenyl) - bicyclo [3.1.0] hexan - 3 - ol 3 - tetrahydro- 50 
pyran-2'-yl ether. 

A solution of 340 g. (two runs) of this crude endo - 6 - (4 - phenyl - cis - 1 - 
butenyl) - bicyclo - [3.1.0]hexan - 3 - ol 3 - tetrahydropyran - 2' - yl ether and 
20 g. of oxalic acid in 3600 ml. of methanol is heated at reflux for 3.5 hrs. The 
55 mixture is cooled and the methanol is evaporated under reduced pressure. The residue 55 
is mixed with methylene chloride, and the methylene chloride solution is washed with 
aqueous sodium bicarbonate, dried over sodium sulfate, and evaporated to give 
272 g. of the eKio-6-(4-phenyl-cfj-l-butenyl)-bicyclo[3.1.0]hexan-3-ol. 
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A solution of 93 g. of the above endo - 6 - (4 - phenyl - cis - 1 - butenyl) 
bicyclo[3.1.0]hexan-3-ol in 2570 ml. of acetone is cooled to —5° C. and 160 ml. 
of Jones reagent (in the proportions 42 g.) of chromic anhydride, 120 ml. of water, 
and 34 ml. of concentrated sulfuric acid) is added over a period of 30 min. while 
5 cooling to maintain a temperature of — 5°C. The mixture is allowed to stand for 10 5 
min. longer; then 100 ml. of isopropyl alcohol is added and the mixture is swirled for 

5 min. The mixture is then diluted with 6 L of water and extracted several times with 
methylene chloride. The organic layers are separated, washed with dilute hydrochloric 
acid, water, dilute aqueous sodium bicarbonate, and brine, then arc dried over sodium 

10 sulfate, combined and evaporated to give 83 g. of crude endo - 6 - (4 - phenyl - cis - 1 - 10 
butenyl) - bicyclo [ 3. 1.0]hexa - 3 - one. 

Crude endo - 6 - (4 - phenyl - cis - 1 - butenyl) - bicyclo[3.1.0] - hexan - 3 - 
one (162 g., two runs) is dissolved in isomeric hexanes (Skellysolve B) and chromato- 
graphed over 5 kg. of silica gel wet-packed with Skellysolve B, eluting successsively 

15 with 11 1. of Skellysolve B, 62 L of 2.5% ethyl acetate in Skellysolve B, and 32 1. of 15 
5% ethyl acetate in Skellysolve B. The last 8 1. of the 2.5% ethyl acetate in Skelly- 
solve B eluates and the 32 1. of 5% ethyl acetate in Skellysolve B eluates are combined 
and evaporated to give 75.8 g. of the desired Formula-XXXVI tide compound, endo - 

6 - (4 - phenyl - cis - 1 - butenyl) - bicyclo[3.1.0]hexan - 3 - one; infrared absorption 

20 at 3000, 1750, 1610, 1500, 1455, 1405, 1265, 1150, 778, 750 and 702 cnr 1 ., N.M.R. 20 
peaks at 7.18 (singlet) and 4.75—6.0 (broad multiplet) S. 

Preparation 5 

Endo - 6 - (5 - phenyl - cis - 1 - pentenyl) - bicyclo [3.1.0] hexan - 3 - one. (Formula 
XXXVI: G is 



25 -Wf{J 
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R 3 and R., are hydrogen; and is endo). 

a. There is first prepared (4-phenylbutyl)triphenylphosphonium bromide. A solu- 
tion of 145 g. of 4-phenyl-l-bromobutane and 179 g. of triphenylphosphine in 350 ml. 
of toluene is heated at reflux under nitrogen for 16 hrs. The mixture is then cooled 

30 slowly and ether is added giving a precipitate of (4-phenylbutyl)triphenylphosphonium 30 
bromide which is washed thoroughly with benzene/ether and dried 18 hrs. at 50°C. 
under reduced pressure, 268 g., m.p. 139— 140°C. . 

b. A suspension of 242 g. of (4-phenylbutyl)-triphenylphosphonium bromide in 
2.3 1. of dry benzene at 25°C. is stirred and 300 ml. of 1.6 M butyllithium in hexane 
is added over a 15-min. period. The mixture is stirred at 30°C. for one hour, then is 35 
cooled to 10°C. and a solution of 75 g. of endo - bicyclo [3. 1.0] hexan - 3 - ol - 6 - 
carboxaldehyde 3 - tetrahydropyran - 2' - yl ether in 200 ml. of benzene is added over 
a 15-min. period. The mixture is heated at 65— 70°C. for 3 hours, cooled and filtered. 
The filtrate is washed with water and brine, dried over sodium sulfate, and evaporated 
under reduced pressure to give 117 g. of crude endo - 6 - (5 - phenyl - cis - 1 - 40 
pentenyl) - bicyclo[3. 1.0] hexan - 3 - ol tetrahydropyran - 2' - yl ether showing a single 

spot, Rf 0.75, on thin layer chromatography with silica gel plates developed with 20% 
ethyl acetate in cyclohexane. 

A solution of 117 g. of the above crude endo - 6 - (5 - phenyl - cis - 1 - pentenyl) - 

45 bicyclo[3.1.0]hexan - 3 - ol tetrahydropyran - 2' - yl ether and 6 g. of oxalic acid in 45 
2500 ml. of methanol is heated under reflux for 2.5 hrs. The methanol is then removed 
by distillation under reduced pressure and the residue is diluted with water and 
extracted with methylene chloride. The methylene chloride extracts are combined, 
washed with aqueous sodium bicarbonate and brine, dried over sodium sulfate and 

50 evaporated under reduced pressure to give 95.7 g. of crude endo - 6 - 5 - phenyl - cis - 50 
1 - pentenyl)bicyclo - [3.1.0]hexan - 3 - ol. The entire crude product is chromato- 
graphed over 1.5 g. of silica gel wet-packed with Skellysolve B, eluting successively 
with 5 1. of Skellysolve B, 4 1. of 2.5%, 6 L of 5%, 9 L of 7.5%, 12 L of 10%, 8 ). 
of 15%, 10 1. of 20% and 10 1. of 30% ethyl acetate in Skellvsolve B, taking 600 ml. 

55 fractions. The last fraction of 10% ethyl acetate in Skellysolve B, all the 15% and 20% 55 
ethyl acetate in Skellysolve B eluates, and the first 3 fractions of 30% ethyl acetate in 
Skellysolve B are evaporated to give 60.5 g. of purified endo - 6 - (5 - phenyl - cis - 1 - 
pentenyl)bicyclo[3.1.0]hexan - 3 - ol. 
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A solution of 60.5 g. of the above purified alcohol in 1600 ml. of acetone is cooled 
to —10° G and 103 ml. of Jones reagent is added drop wise. After addition is complete 
the mixture is stirred for 10 min. at 0°C. and 65 ml. of isopropyl alcohol is added. 
The mixture is poured into 8 1. of water and extracted several times with methylene 

5 chloride. The methylene chloride extracts are combined, washed with dilute hydro- 
chloric acid, aqueous sodium bicarbonate and brine, dried over sodium sulfate and 
evaporated tinder reduced pressure to give 56 g. of crude endo - 6 - (cis - 5 - phenyl - 
1 - pentenyl)bicyclo[3.1.0]hexan - 3 - one. The crude ketone is slurried in Skellysolve 
B and chromatographed over 2300 g. of silica gel wet packed in Skellysolve B, eluting 

10 successively with 6 1. of SkeUysolve B, 16 1. of 2.5% ethyl acetate in Skellysolve B, 
then gradient elution with 5 1. of 2.5% and 5 1. of 5% ethyl acetate in Skellysolve B 
and finally 161. of 5% ethyl acetate in Skellysolve B, taking 625 ml. fractions. The 
last fraction of the gradient eluates and the first 19 fractions of 5% ethyl acetate in 
Skellysolve B are concentrated to give 23.6 of the Formula-XXXVI compound, endo - 

15 6 - (5 - phenyl - cis - 1 - pentenyl)bicyclo[3.1.0]hexan - 3 - one; infrared absorption 
at 2980, 1745, 1600, 1490, 1450, 1260, 1145, 770, 750 and 702 cm" 1 ., N.M.R. peaks 
at 7.17 (singlet), 6.0—5.4 (multiplet), and 5.2—4.7 (broad multiplet) S. 



10 



15 



30 



Preparation 6 

Endo - 6 - (1,2 - dihydroxy - 4 - phenylbutyl) - bicydo[3.L0]hexan - 3 - one Acetonide 



20 (Formula XXIX wherein G is 



20 



R 3 and R 4 are hydrogen, R ai and R 12 are methyl, and ^ is endo). 

a. There is first prepared the Formula-XLIV dihydroxy compound. To a solu- 
tion of endo - 6 - (4 - phenyl - ds - 1 - butenyl) - bicyclo[3.1.0]hexan - 3 - one (10.0 

25 g., Preparation 4) in about 100 ml. tetrahydrofuran is added, with stirring, a solution 25 
of potassium chlorate (10.0 g.) and osmium tetroxide (0.65 g.) in 250 ml. of water. 
The mixture is stirred vigorously for 5 hrs. at 50°Q Then, the cooled mixture is con- 
centrated under reduced pressure. The residue is extracted repeatedly with dichloro- 
methane, and the combined extracts are dried and evaporated to give an oil. This oil 
is chromatographed on about 1000 g. of silica gel, and eluted successively with 3 L of 30 
10% ethyl acetate in a mixture of isomeric hexanes (Skellysolve B), with 5 1. of 25% 
ethyl acetate in Skellysolve B, and then with 50% ethyl acetate in Skellysolve B, col- 
lecting 500 ml. eluate fractions. Fractions 13—19 (50% ethyl acetate) are combined 
and evaporated to dryness to give endo - 6(1,2 - dihydroxy - 4 - phenylbutyl) - bicyclo- 
35 [3.1.0]hexane-3-one (Formula XLIV). 35 

b. A solution of the Formula-XLIV dihydroxy compound above (about 8.0 g.) 
and 700 mg. of potassium bisulfate in 140 ml. of acetone is stirred at 25 °C for 64 
hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the mixture is 
stirred 10 minutes. The acetone is evaporated at reduced pressure, and water is added. 

40 The aqueous solution is extracted repeatedly with dichloromethane, and the extracts are 40 
combined, washed with water, dried, and evaporated to give about 9.3 g. of an oil. 
The oil is chromatographed on 400 g. of silica gel, being eluted with 2 1. of 10% ethyl 
acetate in Skellysolve B, and then with 4 1. of 15% ethyl acetate in Skellysolve B. The 
15% ethyl acetate eluates are evaporated to give about 7.4 g. of the Formula-XXIX 

45 compound, endo - 6 - (1,2 - dihydroxy - 4 - phenylbutyl) - bicyclo[3.1.0]hexan - 3 - 45 
one acetonide (Formula XXIX). 

Preparation 7 

Methyl 9 - Bromo - 3 - oxa - 3,7 - inter - m - phenyiene - 4,5,6 - trinor - 7 - 
nonynoate. (Formula XLVII: C,H 2J aud CJET 2p are valence bonds in meta relation- 

50 ship, CqHoq is methyl, Hal is bromo, R 2 is hydrogen and R l3 is methyl). 50 

a. To a cold, stirred solution of m-vinylanisole (13.4 g.) in 40 ml. of diethyl 
ether is slowly added a solution of bromine (15.9 g.) in 60 ml. of diethyl ether. The 
ether solution is used directly in converting the product, m-(l,2-dibromoethyl) 
anisole to wz-methoxyphenylacetylene by dehydrohalogenation (see T. H. Vaughn, 

55 J. Am. Chem. Soc. 56, 2064. 1934). The ether solution above is slowly added, with 55 
vigorous stirring, t a mixture of sodium amide prepared from sodium (4.6 g.) in 
about 200 ml. of liquid ammonia. When the reaction is complete, the volume is 
reduced about one-half, and an equal volume of water is cautiously added. A layer 
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containing the product is separated, washed with dilute hydrochloric acid, dried, 
and distilled. 

b. To a solution of the methoxy compound from a above in 250 ml. of dichloro- 
methane, maintained at 0° C under nitrogen, is added dropwise over about a 1-hour 

5 period with vigorous stirring a solution of about 15 ml. of boron tribromide in 200 5 
ml. of dichloromethane. Cooling and stirring continue for one hr. When the reaction 
is complete as shown by TLC, there is added cautiously a solution of sodium 
carbonate in water to neutralize the mixture. Thereafter, the solution is saturated 
with sodium chloride (added as a solid), and the organic phase is separated and 

10 combined with additional ethyl acetate washings of the aqueous phase. The organic 10 
solutions are washed with brine, dried over sodium sulfate, and concentrated under 
reduced pressure to yield the acetylenic phenol. 

c. To the acetylenic phenol (step b, 11.8 g.), is added gradually a solution of 
sodium ethoxide (prepared from sodium and absolute ethanol). Thereafter, ethylene 

15 chlorohydrin (8.0 g.) is added in small portions. When all has been added, the mixture 15 
is heated at reflux for about one hr. or until completion, then filtered hot. The com- 
bined filtrate and ethanol washings are concentrated to remove alcohol, and the pro- 
duct distilled under reduced pressure. 

To the hydroxyethyl ether (16.2 g.) as obtained above, cooled to 15 — 2Q°G, 

20 is added 20 ml. of dihydropyran and 100 ml. of diethylether, and, with stirring, 1 20 
ml. of anhydrous diethyl ether saturated with hydrogen chloride. After the exothermic 
reaction has diminished, the mixture is kept at 25° C. for 15 hours. The mixture is 
washed with aqueous sodium bicarbonate, water, and dried then concentrated under 
reduced pressure to yield the tetrahydropyranyl ether. 

25 d and e. To a solution of the above tetrahydropyranyl ether of the substituted 25 

acetylene (10 g.) in anhydrous tetrahydrofuran (180 ml.) at —78° C. under argon is 
added the equivalent molecular amount of n-butyllithium in hexane. The resulting 
solution is stirred at —78° C. for an additional 30 minutes. A suspension of dry 
paraformaldehyde (two equivalents) in anhydrous tetrahydrofuran is added and the 

30 mixture warmed to room temperature over a 30-min. period. It is stirred an additional 30 
1 hour and poured into saturated sodium chloride solution, then extracted with ether 
and dried to yield the hydroxy compound. 

f. The hydroxy compound of step e is converted to the bromo compound by 
first forming the mesyl derivative by reaction with methanesulfonyl chloride (4 ml.) in 

35 pyridine (80 ml.) at —20° C. The mixture is stirred one hour at —20° C, and then 35 
is poured into a stirred mixture of 3 normal hydrochloric acid (300 ml.) and ice 
water (500 ml.). This mixture is extracted with diethyl ether, the extract is washed 
with cold one normal hydrochloric acid and brine, then dried and concentrated. To a 
solution of the residue (mesyl derivative) in dry acetone (100 ml.) is added lithium 

40 bromide (5 g.) and the mixture stirred and heated at reflux one hour, then kept at 40 
25° C. for 15 hours. The acetone is evaporated under reduced pressure, and the 
residue is extracted with diethyl ether. The extract is washed with water and brine, 
then dried and concentrated. The residue is chromatographed on silica gel, eluting 
with 10% ethyl acetate in Skellysolve B. Fractions shown by TLC to contain the 

45 product are combined and evaporated to give the Formula-LIII intermediate. 45 

g. The product of step f above is converted to the corresponding carboxylic acid 
and its methyl ester as follows. The tetrahydropyranyloxy group is replaced by 
hydroxyl by contacting the product of f with a mixture of acetic acid/water/tetra- 
hydrofuran (20/10/3) at 40° C. for 2 hours, thereafter removing solvents under 

50 reduced pressure. 50 
The substituted glycol from above is oxidized to the acid in acetone solution, 
using a slight excess of Jones reagent (21 g. chromic anhydride/60 ml. water/17 ml. 
cone, sulfuric acid) while cooling to maintain a temperature of —5 to 0° C. After 
about 60 min., isopropyl alcohol is added, the mixture is stirred for 10 min., and 

55 then poured into ice water. The acid product is isolated by extraction with chloro- 55 
form, drying over sodium sulfate, and concentration under reduced pressure. 

The acid from above is converted to the methyl ester by reaction with diazo- 
methane in diethyl ether at about 10 — 25° C, followed by evaporation to yield the 
desired Formula-XL VII title compound. 

60 Following the procedures of Preparation 7, but replacing ?n-vinylanisole with 60 

methyl (o, m s or p-) vinylbenzyl ether, there are obtained, respectively, methyl 9- 
bromo - 3 - oxa - 4,7 - inter - a - phenylene - 5,6 - dinor - 7 - nonynoate, methyl 
10 - bromo - 3 - oxa - 4,8 - inter - tn - phenylene - 5,6,7 - trinor - 8 - decynoate, 
and methyl 11 - bromo • 3 - oxa - 4,9 - inter - p - phenylene - 5,6,7,8 - tetranor - 

65 9-undecynoate. 65 
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Preparation 8 

Methyl 9 - Bromo - 3 - oxa - 3,7 - inter - m - phenvlene - 4,5,6 - trinor - cis - 7 - 
nonenoate (Formula XLVTII: QH 2j and CpH 2p are valence bonds in meta relation- 
ships. QH 2) is methylene, Hal is bromo, R 2 is hydrogen and R 10 is methyl). 
A solution of methyl 9 - bromo - 3 - oxa - 3,7 - inter - in - phenylene - 4,5,6 - 5 
trmor-7-nonynoate (2.0 g., Preparation 7) in 10 ml. of pyridine is hydrogenated in 
the presence of a 5% palladium on barium sulfate catalyst (150 mg.) at 25° C. and 
one atmosphere. The resulting mixture is filtered and evaporated to about one-third 
the original volume. Four volumes of ethyl acetate is added, and the remaining 
pyridine is removed by addition of ice and one N hydrochloric acid The ethyl 10 
acetate layer is separated, washed successively with one N hydrochloric acid and brine, 
dried, and evaporated. The residue is chromatographed on 250 g. of silica gel which 
has previously been acid-washed to pH 4 (Silicar CC 4 , 100—200 mesh, Mallincrodt— 
Registered Trade Mark— Co.), eluting with 3 1. of 25—75% ethyl acetate-Skelly- 
15 solve B gradient, collecting 100-mI. fractions. The fractions shown to have the 15 
desired product free of starting material by TLC are combined and evaporated under 
reduced pressure to give the desired Formula-XLVIII title compound containing the 
cis — CH=CH radical. 

Following the procedures of Preparation 8, but replacing methyl 9-bromo-3- 
20 oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - 7 - nonynoate with methyl 9 - 20 
bromo - 3 - oxa - 4,7 - inter - a - phenylene - 5,6 - dinor - 7 - nonynoate, methyl 
10 - bromo - 3 - oxa - 4,8 - inter - m - phenylene - 5,6,7 - trinor - 8 - decynoate, or 
methyl 11 - bromo - 3 - oxa - 4,9 - inter - p - phenylene - 5,6,7,8 - tetranor - 9 - 
undecynoate (from the paragraphs following Preparation 7), there is obtained the 
25 corresponding Fcrmula-XLVIII-enoate compounds in which cis — CH=CH— has 25 
replaced — C=C— . 

Preparation 9 

Methyl 9 - Bromo - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - trans - 7 - 
nonenoate. (Fonnula XLIX: C,H 24 and C p H 2p are valence bonds in meta relation- 
30 ship, G,H 2q is methylene, Hal is bromo, R 2 is hydrogen and R l0 is methyl). 30 

A solution of the compound represented by the formula 



HQ- 



AO 



C^C-^QpO-CHgCH^ 



0-THP 



(1.0 g., Preparation 7, step e) in 20 ml. of tetrahydrofuran is cooled to -10° C. 
This solution is added to a fresh solution of lithium aluminium hydride (110% of 
35 theory) m tetrahydrofuran. The reaction mixture is stirred for 16 hours at 25° C 
ambient temperature Then, water (20 ml.) is added, and the resulting solution is 
acidified with one N hydrochloric acid, and then extracted with ethyl acetate The 
extract is washed successively with aqueous sodium bicarbonate solution and brine 
dried, and evaporated under reduced pressure. The residue is chromatographed on 
silica gel, eluting with a 25—75% ethyl acetate-Skellysolve B gradient, combining 
fractions shown to have the desired product by TLC, and removing solvent from 
those combined fractions under reduced pressure to yield a compound represented by 
the formula 



-V" 

/ Nl |QpO-C%CH 2 0-THP 



35 



40 



45 TTaaaSxa, following the procedures of Preparation 7, steps f through g, there 4 <; 

is obtained the desired Formula-XLIX title compound containing 8 the tmm 45 
— ^>ji=(JH — moiety. 

the fernST 6 ±C procedures of Pre Paration 9, but replacing the compound having 



50 



HO-CH r C,C-0/ CM 2-°-^ C %- C> - THP 



50 
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wherein the THP-terminated moiety is attached to the ring in ortho, meta, or para 
configuration, there is obtained the corresponding formula-XLIX compound in which 
trans — CH=CH — has replaced — C=C — . 

Example 1 

Methyl 7 - [Endo - 6 - (1 - heptenyl) - 3 - oxobicyclo - [3. 1.0] hex - la - yl] - 3 - 
oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - heptanoate (Formula XXXVII, 
Chart E: G is n-pentyl; R 2 , R 3 , and R* are hydrogen; Rj 0 is methyl; Z is 



and is alpha and endo). 

10 A. A solution prepared from endo - 6 - (1 - heptenyl - 3 - (1 - pyrrolidinyl) - 10 

bicyclo [3.1.0] hex - 2 - ene (Preparation 1, 5.0 g.) and methyl[m - (chloromethyl) 
phenoxy] acetate (Preparation 2, 4.4 g.) in 60 ml. of dioxane is stirred under a 
nitrogen atmosphere at about 25° C for 2 days and then heated under reflux for 7 
hrs. To the reaction mixture is added water. The solution is heated on a steam bath, 

15 cooled and extracted with ether. The extract is washed, first with dilute (about 5% I 5 
hydrochloric add, then brine, and dried and concentrated. The residue is chromato- 
graphed on 700 g. of silica gel prepared with 20% ether-isomeric hexane mixture 
(Skellysolve B) and eluted with 1.5 1. of 20% ether- Skellysolve B, 1.5 L of 25% 
ether-Skellysolve B, and 1.5 1. of 30% ether-Skellysolve B, collecting 100-mI. frac- 

20 tions. Fractions 25—31 give the desired Formula-XXXVII title compound (1.7 g.). 20 
B. Alternate synthesis. — A solution of potassium tert-butoxide (9.0 g.) in 500 
ml. of nitrogen-purged tetrahydrofuran is added dropwise during 45 min. to a stirred 
solution of the Formula-XXXVI bicyclo olefin, endo - 6 - (1 - heptenyl)bicyclo 
[3.1.0] hexan - 3 - one (see Example 9 of West Germany Offenlegungsschrift No. 

25 1,937,912, cited above) (10.0 g.), and methyl [w-(chloromethyl)phenoxy] acetate 25 
(Preparation 2, 13 g.) in 250 ml. of tetrahydrofuran under nitrogen at 25° C. The 
resulting mixture is acidified at once with 120 ml. of 5% hydrochloric acid, and 
then is concentrated under reduced pressure below 40° C to remove most of the 
tetrahydrofuran. Water (400 ml.) is added to the residue, and the mixture is 

30 extracted with three 400-ml. portions of ethyl acetate. The combined extracts are 30 
washed successively with aqueous sodium thiosulfate solution and saturated aqueous 
sodium chloride solution, dried, and evaporated under reduced pressure. The residue 
is chromatographed over 4 kg. of silica gel wet-packed with 20% ether-isomeric 
hexane mixture (SkeUysolve B) and eluted with ether-Skellysolve B mixtures having 

35 20—30% ether. Fractions shown by TLC to contain the desired alkylation product 35 
are combined to yield the Formula-XXXVII (Chart E) alkylated olefin title com- 
pound. 

Following the procedure of Example 1-B but replacing the Formula-XXXVI 
(Chart E) endo - 6 - (1 - heptenyl)bicyclo [3.1.0] hexane - 3 - one with the corres- 

40 ponding bicyclo olefins prepared by reaction of the 3 - tetrahydropyran - 2 - yl 40 
ether of endo ~ bicyclo [3.1.0] hexan - 3 - ol - 6 - carboxaldehyde with intermediate 
quaternary phosphonium halides (see above-cited West Germany Offenlegungsschrift 
No. 1,937,912) prepared from 1-bromobutane, 1-chloropentane, 1-bromoheptane, and 
1-chlorooctane, there are obtained the corresponding Formula-XXXVII alkylated 

45 olefin compounds wherein G is straight chain alkyl of 3, 4, 6, and 7 carbon atoms, 45 
respectively. 

Also following the procedure of Example 1-B but employing instead Formula- 
XXXVI bicyclo olefins prepared from 1 - bromo - 2 - fluorobutane, 1 - chloro - 2 - 
fluoropentane, 1 - bromo - 2 - fluorohexane, 1 - bromo - 2 - fluoroheptane, and 1- 

50 chloro - 2 - fluorooctane, there are obtained the corresponding Formula-XXXVII 50 
alkylated olefin compounds wherein G is straight chain alkyl of 3 to 7 carbon atoms, 
inclusive, with a fluoro substituent at the 1-position, 

Also following the procedure of Example 1-B but employing, instead, Formula- 
XXXVT bicyclo olefins prepared from primary bromides of the formula 

55 X — (CH 2 )b— CH 2 Br, wherein b is one, 2, 3 3 or 4, and X is isobutyl, tert-butyl, 3,3- 55 
difluorobutyl, 4,4-difluorobutyl, 4,4,4-trifluorobutyl, and 3,3i4 3 4,4-pentafiuorobutyl, 
there are obtained compounds corresponding to the Formula-XXXVII product of 
Example 1-B with X— (CH 2 ) b — CH=CH— in place of the 1-heptenyl radical. 



1343,014 



V _^J|* foUowing * e P rocedure 01 Example 1-B but employing, instead, Formula- 
XXXVI bicydo olefins prepared from primary bromides of the formula 

CHs-^CHjX— CR 21 R 22 — CH.Br 

wherein c is 2, 3, or 4, and R 21 and R.. are methyl or ethyl, e.g. 

CH 3 (CH 2 ) 2 — C(C 2 H a ) a — CH 2 Br, CH 3 — (CHtfr-CH(CHy-CH^ Br, 

CH 4 -(CH 2 )3-CH(C 2 H 3 )-CH 2 -a s CHs-(CH 2 ) 3 -C(CH3) 2 -CH 2 -Br, 

and CH^CH.),— C(CH 2 XQH 5 )— CH.—Br, 

. aK ^ taiied ±e corresponding Formuk-XXXVII alkylated olefin compounds 
wherein G is mono- or di-substituted at the 1-position with methyl or ethyl 
v ™£ 0 ,? 1I T n8 , £ e P rocedure of Example 1-B but employing, instead, Formula- 
XXXVI bicyclo olefins prepared from a-bromotoluene, (2-bromoethyl)benzene, (5- 
ch oropentyl)benzene, (6-bromohexyl)benzene, and (7-iodoheptyl)benzene: from (1- 
chloroethyl)benzene, (l-bromopropyl)benzene, (2-bromopropyl)benzene, (3-chloro- 
pentyl)benzene, {4-bromopentyl)benzene, (6-bromononyl)benzene and (7-bromononyl) 
benzene; from l-bromo-2-phenylpropane, l-bromo-2-methyl-2-phenylpropane, 1- 
chk.ro - 2 - ethyl - 3 - phenylpropane, 1 - bromo - 2 - methyl - 4 - phenylbutane, 
and 1 - bromo - 2,2 - dimethyl - 5 - phenylpentane; from « - bromo - m - xylene! 
a - chloro - p - ethyltoluene, a - bromo - p - chlorotoluene, a' - chloro - « 7 -tri- 
fiuoro - m i - xylene, 1 - (2 - bromoethyl) - 4 - fluorobenzene, 1 - (5 - bromopentyl) - 
2 - cMorobenzene, 4 - (3 - iodopropyl) - 1,2 - dimethoxybenzene, and 1 - (3 - bromo- 
hexyl) - 2,4,6 - tnmethylbenzene; and from (2 - bromo - 1 - fluoroethyl)benzene 3 
(2 - bromo - 1 - fluoropropyl)benzene, (2 - chloro - 1 - fluoro - 1 - methylpropvtt 
benzene, (5 - bromo - 4 - fluoropentyl)benzene, (7 - iodo - 6 - fluoropentylfbkzene, 
(4 - bromo - 33 - difluorobutyl)benzene, and (6 - bromo - 5,5 - difluorohexyl) 
benzene, there are obtained the corresponding Formula-XXXVII alkylated olefin 
compounds wherein G is 



including compounds wherein QH. t is substituted with one or 2 fluoro atoms 

Also following Ae procedure of Example 1-B, but using Formula-XXXVI 
bicyclo olefins obtained from the secondary bromides of the formula 



R s 

I 

G — CH — Br 



XXXVTT^IW^ defiDCd ^ R * bein & ^ there are obtained Formula- 
XXXVII alkylated olefins corresponding to the product of Example 1-B with 



R 3 

! 

G— C=CH— 

in place of the 1-heptenyl radical. 

« • *°"°wing die procedure of Example 1-B, but using Formula XXXVI 

bicyclo olefins obtamed from bicyclo[3.1.0]hexanereactants with 

O 

R,— C— 

in place of 

O 

H— C— , 
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a. There is first prepared the Formula-XXXVI olefin. Following the procedure 
for the Wittig synthesis in Examples 27, 28, and 29 of West Germany Offenlegungs- 
schrift 1,937,912, cited above, but employing the tetrahydropyranloxy ether of ettdo- 
bicyelo[3.1.0]hexan - 3 - ol - 6 - carboxaldehyde and the Wittig ylide of 2 - chloro- 

5 heptane, there is obtained endo - 6 - {2 - methyl - 1 - heptenyl) - 3 - oxobicyclo[3.1.0] 5 
hexan-3-one. 

b. To a solution of the Formula-XXXVI olefin above (approximately 10.0 g.) 
in water is added a solution of potassium chlorate (10.0 g.) and osmium tetroxide 
(0.65 g.) in 250 ml. of water. The mixture is stirred vigorously for 5 hrs. at 50° C. 

10 Then, the cooled mixture is concentrated under reduced pressure, the residue is 10 
extracted repeatedly with dichloromethane, and the combined extracts are dried 
and evaporated. The residue is chromatographed on about 1000 g. of silica gel, and 
cluted successively with 3 1. of 10% ethyl acetate in a mixture of isomeric hexanes 
(Skellysolve B), with 5 1. of 25% ethyl acetate in Skellysolve B, and then with 50% 

15 ethyl acetate in Skellysolve B, collecting 500 ml. eluate fractions. Fractions shown 15 
by TLC to contain the desired product are combined and evaporated to dryness to 
give the Formula-XLIV product, endo - 6 - (1,2 - dihydroxy - 2 - methylheptyl) - 
bicyclo [3.1.0] hexan-3 -one. 

c. A solution of the Formula-XLIV dihydroxy compound above (about 8.0 g.) 

20 and 700 mg. of potassium bisulfate in 140 ml. of acetone is stirred at 25° C. for 64 20 
hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the mixture is 
stirred 10 min. The acetone is evaporated at reduced pressure, and water is added. 
The aqueous solution is extracted respectedly with dichloromethane, and the extracts 
are combined, washed with water, dried, and evaporated. The residue is chromato- 

25 graphed on 400 g. of silica gel, being eluted with 2 1. of 10% ctheyl acetate in Skelly- 25 
solve B, and then with 4 1. of 15% ethyl acetate in Skellysolve B. The 15% ethyl 
acetate eluates are evaporated to give the Formula-XXIX ketal, e;wfa-6-(l,2- 
dihydroxy-2-methylheptyl)-bicyclo [3.1.0] hexan-3-one acetonide. 

d. To prepare the Formula-XXX compound (Chart D), the ketal above is 

30 alkylated following the procedure of Example 1-B, but using the Formula-XXIX 30 
ketal above instead of the Formula-XXXVI bicyclo olefin, and, replacing methyl 
\m - (chloromethyl)phenoxy] acetate with methyl 9 - chloro - 3 - oxa - 3,7 - inter - 
m - phenylene - 4,5,6 - trinor - cis - 7 - nonenoate (Preparation 8, above), thereby 
yielding the desired Formula-XXX title compound. 

35 As shown in Chart D, the Formula-XXX alkylated ketal is transformed via the 35 

Formula-XXXI glycol, thence the mesylate, to a PGE-type compound. Concentrated 
hydrochloric acid (2.5 ml.) is added to a solution of the Formula-XXX product above 
(about 2.0 g.) in a mixture of 50 ml. of tetrahydrofuran and 2.5 ml. of water. The 
mixture is stirred at 25° C. under nitrogen for 6 hrs. The resulting mixture is then 

40 evaporated under reduced pressure, and the residue is extracted with ethyl acetate. 40 
The extract is washed with brine, dried, and evaporated to give methyl 9-[endo-6- 
(1,2 - dihydroxy - 2 - methylheptyl) - 3 - oxobicyclo[3.1.0]hex - 2x - yl] - 3 - oxa - 
3,7 - inter - m - phenylene - 4,5,6 - trinor - cis - 7 - nonenoate (Formula XXXI). 
Thereafter, following the procedure of Example 3, there is obtained dl-15-methyl-3- 

45 oxa-3,7-mter-m-phenylene-4-nor-PGE 2 methyl ester. 45 
Following the procedure of Example 9, but using Formula-XXXVI exo reactants 
in place of the endo reactant, there are obtained exo products in each intermediate 
and final step of Example 9. 

With excess base (e.g., 26 g.) and a longer reaction time (e.g., 24 hrs. at 25° C.) 

50 during the alkylation step, the production of a substantial amount of the beta isomer 50 
is assured. 

Following the procedures of Example 9-d, but using the /ra«s-7-nonenoate of 
Preparation 9, above, instead of the ru-7-nonenoate, there is obtained the corres- 
ponding Formula-XXX alkylated ketal wherein the carboxy side chain is in trans 

55 configuration instead of cis, 55 
Also following the procedures of Example 9, but replacing the Formula-XXXVI 
olefine with each of the endo and exo forms of the Formula-XXXVI bicyclo olefins 
described in the paragraphs following Example 1, there are obtained the correspond- 
ing alpha and beta, exo and endo, alkylated ketals within the scope of Formula XXX. 

60 Also following the procedures of Example 9-d, but replacing methyl 9-chloro- 60 

3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - cis - 7 - nonenoate with the 
Formula-XLVIII compounds of the paragraphs following Preparations 8 and 9, viz. 
cis or trans methyl 9 - bromo - 3 - oxa - 4,7 - inter - o - phenylene - 5,6 - dinor - 
7 - nonenoate, methyl 10 - bromo - 3 - oxa - 4,8 - inter - m - phenylene - 5,6,7 - 

65 trinor - 8 - decenoate, and methyl 11 - bromo - 3 - oxa - 4,9 - inter - p - phenylene - 65 
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heptanoate, as a mixture of its isomers (Example 6, 2.8 g.) in dry tetrahydrofuran 
(150 ml.) at 50° C is added 0.15 g. of osmium tetroxide followed by 2.8 g of 
potassium chlorate in 60 ml. of water. The mixture is stirred vigorously at 50° C for 
about 1.5 hrs. and is then concentrated under vacuum. The residue is extracted with 

5 dicWoromethane. The extract is washed with water and brine, and then finally dried 
and concentrated under vacuum. The residue is chromatographed on a column pre- 
pared by wet-packing 500 g. of silica gel (E. Merck) with 1 liter of 50% ethyl 
acetate in Skellysolve B and 5 ml. of absolute ethanol. The column is eluted with 

m L , 1°T° ethyl acetate Ske Uysolve B and then gradient eluted with 4 1. of 50— 

10 75% ethyl acetate in Skellysolve B. Fractions of 100 ml. each are combined on the 
basis of TLC data. From fractions 12—29 there is obtained 2.6 g. of the desired 
rormula-XXXVIII title compound. 

Example 8 

11 ?« " V ° Xa ," 4 ' 7 " inter ' 0 " P hen y fe ne - 5,6 - dinor - PGE 1 Ethyl Ester and dl - 
15 - Beta -3 - oxa - 4,7 - inter - o - phenylene - 5,6 - dinor - PGE, Ethyl Ester 
(Formula XIII: QH 2s is a valence bond; CpH^ and C,H :i are methylene; 
^ e ti ?e and CpHjp are m ortho relationship; B is n-pentyl; the side-chain hydroxyl is 
m either natural (<*) or epi (0) configuration; is ethyl; R-, R 3 , and R, are hydrogen; 

0ft and is alpha). 

20 ^ Refer t0 C j? a « E. The Formula-XXXIX bismesylate is first prepared as follows 
To a mixture of dl - ethyl 7 - [endo - 6 - (1,2 - dihydroxyhepthyl) - 3 - oxobicyclo 

redely ?V y 1 " a ™ Xa ," 4 // inter - 0 - P he nylene - 5,6 - dinor - heptanoate 
(Example 7, 2,6 g ) and 30 ml. of dry pyridine at 0° C. is added, with stirring, 2.7 

1* no Z methanesulfonyl chlonde over a one-minute period. The mixture is stirred at 
j . j T 2 - 5 . ^ cooIed to about -10° C. and diluted with 2 ml. of water 
added dropwise over a 5-nuhutes period. Ice (20 g.) is added, and, after stirring 
the mixture for 5 mm., about 150 ml. of ether-dichloromethane (3:1) is added. The 
organic solution was washed successively with dilute hydrochloric acid, water, dilute 
sodium bicarbonate solution, and brine, and finally dried and concentrated under 

•w vacuum to yield a mixture of the mesylates. 

The residue of mesylates is converted to the PGE-type product by contactine 
with a mixture of acetone (100 ml.) and water (50 ml.) at about 25° C. for 16 hrs 
Additional water (100 ml.) is added and the mixture concentrated under vacuum to 

35 « I T £ TT e - Th - residue is extracted with a mixture of ether-dichloramethane 
(3: 1) and the organic extract is washed with dilute sodium bicarbonate solution and 
brine, then dried and concentrated under vacuum. The residue (2.5 g.) is chromato- 
graphed on a co umn prepared by wet-packing 500 g. of silica gel (E. Merck) with 
one liter of ethyl acetate and 5 ml. of absolute ethanol. The column is eluted with 

40 r*£, tei8 u 0f C i* yl a ^ ate ' **** 400 mL of 2 °° cthano1 in ethyl ace tate, then 500 ml. 

w of 4% ethanol in ethyl acetate and finally with 2 liters of 10% ethanol in ethyl acetate 
collecting fractions of 100 ml. Fractions are combined on the basis of TLC data 
„„™ fractions 8—14 is obtained 350 mg. of the desired Formula-XIII 15-fl 
PGE, nde compound This material has 279 m». ( s 19,400) in alcoholic potas- 

4S fT < key absorpuons in the NMR spectrum at about 7.2 (apparent sing- 

45 ktX 5.25-5.48 (muluplet), 4.58 (singlet), 4.06 singlet, and 4.0-4.35 (quartet) !• 
and mass spectral peaks at 414, 396, 310, and 292. w««y °, 

From fractions 18— 37 is obtained 496 mg. of the desired Formula-XHI PGE, 
mle compound. This material has -W 279 (* 21,750) in alcoholic potassium - 
hydroxide; key absorpuons m the NMR spectrum at about 7.18 (apparent singlet), 

50 5.25-5.41 (mutaplet), 4.58 (singlet), 4.02 (singlet), and 3.99-4.34 (quartet) S- 
and mass spectral peaks at 414, 396, 310, and 292. 



55 



Example 9 

Methyl 9 - [Endo - 6 - (1,2 - dihydroxy - 2 - methylheptyl) - 3 - oxobicyclo[3.1.0] 
hex - 2, - yl] - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - cis - 
7-nonenoate Acetomde (Formula XXX, Chart D: G is n-pentyl; J is cis- 



-CH-CH-Q-O-C^- 



R : and R* are hydrogen; R 3 , R, 0 , R„, and R I2 are methyl; and ~> is endo and alpha) 
™ e seance of reactions from Formula XLIII to Formula XXIX, and 

to Chart D. 
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Example 5 

dl - 3 - Oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor-PGAx (Formula XXI : 
C g H 2B and CJl 2v are valence bonds in meta relationship; C,H 2cI is methylene; G is 
n-C s H n ; Ru R 2 , Ra, and R* are hydrogen; and ~ is alpha). 

5 Refer to Chart A. A solution of dl - 3 - oxa - 3,7 - inter - m - phenylene - 

4,5,6 - trinor - PGEx methyl ester (Example 3, 300 mg.), 4 ml. of tetrahydrofuran 
and 4 ml. of 0.5 N hydrochloric acid is left standing at 25° for five days. Brine 
solution and dichloromethane-ether (1:3) are added and the mixture is stirred. 
The organic layer is separated, dried and concentrated. The residue is dissolved in 

10 ether which is washed with saturated aqueous sodium bicarbonate, dried and con- 
centrated. The aqueous phase is quickly acidified with hydrochloric acid and extracted 
with dichloromethane which in turn is dried and concentrated. The residue is again 
dissolved in ether, extracted with aqueous sodium bicarbonate, and the aqueous 
phase is worked up as reported above. This procedure is repeated one additional 

15 time to yield the desired Formula-XXI title compound (120 mg.). This material 15 
has mass spectral peaks at 372, 354, 189, and 185; and Amax., in ethanol, 215 m/x 
(e 12,400), 272 (« 2250) and 278 (* 2150). 

Following the procedure of Example 5, the Formula XHI-to-XVI PGE com- 
pounds in their various spatial configurations described after Example 3 are trans- 

20 formed to the corresponding Formula XXI-to-XXIV PGA compounds, either as 
esters or as free acids. 

Example 6 

Ethyl 7 - [Endo - 6 - (1 - heptenyl) - 3 - oxobicyclo[3.1.0)hex - la - yl] - 3 - oxa - 
4 3 7 - inter - o - phenylene - 5,6 - dinor - heptanoate (Formula XXXVII: G is 
25 n-pentyl;R 2 ,R s , and R 4 are hydrogen; R l0 is ethyl; Z is 25 

and is alpha and endo). 
The enamine of the Formula-XXXVI bicyclo-olefin is first prepared as follows. 
A mixture of endo - 6 - (cif- and trans - 1 - heptenyl) - bicyclo[3.1.0]hexan - 3 - 
30 one (10 g.), benzene (200 ml), and pyrrolidine (15 ml.) is heated at reflux under a 30 
Dean-Stark water trap for 2 hrs. Thereafter about 140 ml. of distillate is taken off 
over a period of about 30 min. To the remaining liquid is added 100 ml. of toluene 
and the mixture is concentrated on a rotating evaporator under vacuum. A second 
portion of toluene (50 ml.) is added, and the mixture evaporated to give the enamine 
35 residue. 

The above enamine, together with ethyl [o - (bromomethyl) - benzyloxy)] acetate 
(Preparation 3 above, 15 g.), and dry tetrahydrofuran (200 ml.) is heated at reflux 
for 4 hrs. and thereafter stirred at about 25° C. for 16 hrs. Water (25 ml.) is added 
and the mixture heated for 20 min. on a steam bath. Thereafter the volatiles are 
40 removed under vacuum, the residue is diluted with ether, and the organic solution 40 
is washed successively with dilute acid, water, dilute base, water, and brine, and 
finally dried and concentrated under vacuum. The residue is chromatographed on a 
column prepared by wet-packing 1300 g. of silica gel (E. Merck) with 2.5 1. of 25% 
diethyl ether in Skellysolve B and 13 mi. of absolute ethanol. The column is eluted 
with 2 1. of 25% ether in Skellysolve B and then gradient-eluted with 8 1. of 25 — 
50% ether-Skellysolve B. Fractions of about 200 ml. are combined on the basis of 
TLC data. From fractions 24 — 31 there is obtained 2.9 g. of the desired Formula- 
XXXVII title compound as a mixture of cis and trans forms. This material has key 
absorptions in its NMR spectrum at about 7.21 (apparent singlet), 5.38—5.8 (muiti- 
50 plet), 4.62 (singlet), 4.06 (singlet), and 4.0—4.35 (quartet) 8. It has mass spectral 50 
398 and 294. 

Example 7 

Ethyl 7 - [endo - 6 - (1,2 - dihydroxyheptyl) - 3 - oxobicyclo[3.1.0]hex - 2a - yl] - 
3 - oxa - 4,7 - inter - o - phenylene - 5,6 - dinor - heptanoate (Formula XXXVIII: 
55 G' is n-pentyl; R 2 , R 53 and R* are hydrogen; R Jo is ethyl; Z is 55 

^-chj~o-ch 2 - 

and — ' is alpha and endo). 
Refer to Chart E. to a solution of dl - ethyl 7 - [endo - 6 - (1 - heptenyl) - 3 - 
oxobicyclo[3.L0]hex - 2a - yl] - 3 - oxa - 4,7 - inter - o - phenylene - 5,6 - dinor - 
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^CsC-Q-OCHjCOOCHj 

/ 
,w-C ti 

HO H' M 



/S>Q 



10 



15 



mJS?* *° llowm S me Procedure of Example 3, but replacing metbanesulfonyl 
2£S ^?. WIth . ^^^yl chloride or bromide or with an dkanesulfonic add 
anhydride wherein the alkane radical contains 2 to 5 carbon atoms, inclusive, there is 
5 obtamed from each dihydroxy compound the corresponding bis(suWiic^d) esters 
encompassed by Formula XXXIX. ^ } esrers 

« „£? ^•° f ^ the 3b T ^l^ations in Example 3, the monosulfonic add ester 
bl£ J SI w 3 - b y-PJ° du ^ which is reacted with additional alkanesulfonyl 
10 °. r . aIkanesul fonic acid anhydride to give the corresponding bisfsulfonic add) 

10 ester and thence recycled back to additional Formula-XL product 1 ; 

For satisfactory yields of the bis-sulfonic acid ester, R, 0 is not hydrogen Those 
intermediate compounds in which R 10 is haloethyl, e.g., Aft|5i3SH»i ' « 

SlL U n M H^ th VT Cn f u° f reacd0DS leadin ^ 0 *e add torf WpS-S 
landm-like products. Each of the exo and «iA>, alpha and beta, saturated lufd 

S3S? tod ^-P^^alkanesnlfonic acid) «ters is transformed SXcorS 
ponding oxa-phenylene PGE type compound encompassed by Formula XL. 

Example 4 

I";, " ° xa " 3 >\ - int f r - m - Phenylene - 4,5,6 - trinor - PGF I0 Methyl Ester 
20 fFormU wt? • " r w" phen y le ? e " 4,5,6 - trinor - PGF W Methyl Ester 

kmSJl^? • Q 2S a 1 d » pH2p ar f Valence bonds in meta relationshipf QH,,. 20 

is n-pentylj R, is methyl; R 2 , R 3 , and R, are hydrogen; and I is 
alpha for the carboxyl-contaming radical and dlher alpha or beta for the ring 

hydroxyl). 

ok ' >. c e • r t ^> hart A - A solution of dl - 3 - oxa - 3,7 - i«ter - m - phenvlene - 

^'tr 0 /f GEl ^ I -, eSttr < Exam P le 3 > 300 20 ml. of tetrahydSan, 25 
25° ? ^ amethyldisilazane, and 0.15 ml. of trimethylsilyl chloride is stirred at 
f„, J or 20 his - The _, rea ? 10n mmure is concentrated m area*, benzene is added, the 
solution concentrated and this procedure is repeated. The residue is dissolved in 10 
30 cooled m an ice-methanol bath, and sodium borohydride (60 mg.) 

X»i Tc p t p! h *^ , S- a S ied ^r 136 - The methano1 is rcmoved a «d the aqueous 
T aed Wth dlcbJor ° metha nc, and the resulting dichloromethane solution 
is dried and concentrated in vacuo. The residue is chromatographed on 45 g of 
silica gel using 70 ml of ethyl acetate and then a gradient of 0^-8% meftanol fihyl 

35 SV S ClutmS S ° 1 ^ ent> °? I £ cdl * 10 - ml - fractions - Actions 22-36 are com- 
S™f. ^"^V 0 ?1 d *? de - sired Form ola-XVII PGF 1(I title compound 
(100 mg.), mass spectral peak for tris-trimethylsilyl derivative at 622. Fractions 37— 
a^iM^na combined and concentrated to yield a residue which is chromatographed on 
fK*S 1? ™ E t Pkt ^ T g ^ me $anol-methylene chloride as elutmgsolven? - 
From the plate is obtained the desired Formula-XVII PGF Ifl title compound (25 

40 mg); mass spectral peak for tris-trimethylsilyl derivative at 622 com P ouna ^ 

< 1 5 fZ P g r? C p r C , edUTe °fd Exam ? le 4, dl - 3 - oxa - 4,7 - inter - o - phenylene - 
5,6-dmor-PGE: ethyl ester (Example 8 hereinafter) is transformed to dl-3-oxa-4?7- 
mter-o-phenylene-5,6-dinor-PGF la and -PGF Jff ethyl esters. ° * oxa %/ 

Also following the procedure of Example 4, dl - 5,6 - dehydro - 3 - oxa - 3 7 - 
45 tnter m - phenylene - 18 - phenyl - 4,19,20 - trinor - PGe/ methyl esS (foUow- 45 
poimS. 31 " 15 } 15 transf0rmed t0 corresponding PGF 2a and PGF^ type com- 

of F^n,!1^T g A e Y Pr0Ced r ? f 4 > me ^ ester *** free add forms 

*n fil, v ula ' XVII - to -XX oxaphenylene PGF compounds in their various spatial con- 
50 figurations, e.g. the PGF lM PGF 15 , PGF 2 „, PGF 2/I trans-5,6-dehydro-PGF7 ?nd 50 
-PGF Ifl 5,6-dehydro-PGF 2l and -PGF 2(! , 13,14-dihydro-PGF,, and -PGR" Se 
compounds and their 8-iso and 15-beta isomers, are prepared by reduction ofX 
corresponding Formula-XIII-to-XVI PGE-type alkyl S o free aci? Lh,d W 
those described above after Example 3. ' mcludmg 
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Also following the procedure of Example 2, each of the Formula-XXXVII exo 
and endo, alpha and beta, saturated and acetylenic bicyck>[3.1.0]hexane esters 
defined above after Example 1 is oxidized to mixtures of the corresponding isomeric 
Formula-XXXVIII dihydroxy compounds. 

5 Example 3 5 

dl - 3 - Oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGEi Methyl Ester and 
dl - 15 - beta - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGEi Methyl 
Ester (Formula XIII: C K H 2B and CpH 2p are valence bonds in meta relationship; 
QH 2q is methylene; G is n-pentyl; R 2 is methyl; R 2 , R 3 , and R 4 are hydrogen; 

10 and is alpha). " 10 

Refer to Chart E. To a solution of the Formula-XXXVIII dihydroxy com- 
pound, dl - methyl 7 - [endo - 6 - (1,2 - dihydroxyheptyl) - 3 - oxobicyclo [3.1.0] 
hex - 2a - yl] - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - heptanoate 
(800 mg. of a mixture of the slower and faster moving isomers of Example 2) in 10 

15 ml. of pyridine, cooled to 0°, is added 1.2 ml. of methanesulfonyl chloride. The 15 
reaction mixture is stirred for 2 hrs. and 20 g. of ice is added. The mixture is 
extracted with ether-dichloromethane (1 : 1) and the organic layer is washed suc- 
cessively with dilute hydrochloride acid, water, saturated aqueous sodium bicarbonate, 
and brine, dried, and concentrated. The residue, containing the bismesylate, is treated 

20 with 15 ml. of acetone and 10 ml. of water and stirred for 8 — 16 hrs. at 25°. The 20 
acetone is removed in vacuo and the remaining solution is extracted with dichloro- 
methane. The extract is dried and concentrated and the residue is chromatographed 
on 150 g. of silica gel using 500 ml. ethyl acetate followed by 3% methanol ethyl 
acetate as eluting solvent while collecting 30-ml. fractions. Fractions 15—24 are 

25 combined and concentrated to yield the desired Formula-XIII 15-/? PGEi tide com- 2 5 
pound (50 mg.); mass spectral peak at 404; ultraviolet absorption at 216 (e=8100), 
264 ( £ =1100), 272 (e=1600) and 278 («=1500) m/x. Fractions 26—35 are com- 
bined and concentrated to yield a residue which is re-chromatographed on 10 g. of 
silica gel using the same solvent system and collecting 1.5 ml. fractions. Fractions 

30 22—29 are combined and concentrated to give the desired Formula-XIII PGEa 30 
title compound (75 mg.); mass spectral peak at 404; ultraviolet absorption at 216 
( E =7700), 264, 272 (e=1500), and 278 (e=1400) mjx. 

Following the procedures of Example 3, each of the Formula-XXXVIII endo- 
1,2-dihydroxy oxa-phenylene esters following Example 2 is transformed' to the corres- 

35 ponding endb-l^-dimesyloxy oxa-phenylene ester, and thence to the corresponding 35 
PGE-type compound or its isomers. 

Also following the procedures of Example 3, each of the Formula-XXXVIII 
e#o-l,2-dihydroxy oxa-phenylene esters corresponding to the above ^^1,2-dihydroxy 
esters is transformed to the corresponding exa-l,2-dimesyloxy ester, and thence to 

40 the corresponding PGE type compound or its isomers. 40 
By the above-outlined procedures, following the steps of Chart E, there are 
obtained the specific PGE type esters represented by Figures XIII and XV, e.g. 
the esters of the oxa-phenylene PGE! compounds and 5,6-dehydro-PGE2 compounds, 
including their 8-iso and 15-epi (fi) forms. For example, dl-5,6-dehydro-3-oxa-3,7- 

45 inter - m - phenylene - 18 - phenyl - 4,19,20 - trinor - PGE 2 methyl ester and its 45 
15 - epimer is obtained from dl - methyl 7 - [endo - 6 - (4 - phenyl - cis - 1 - 
butenyl) - 3 - oxobicyclo[3.1.0]hex - 2a - yl - 3 - oxa - 3,7 - inter - m - phenylene - 
4,5,6-trmor-7-nonynoate (Example 10 hereinafter) by way of the dihydroxy and 
bis(mesylate intermediates of Chart E, following Example 3, as represented by the 

50 following formulas: 50 

V ^CHgC^-Q-OCHgCOOCHj 



^CHjCsC-Q-OCHjCOOC^ 
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there are obtained exo and endo, alpha and beta, Formula-XXXVI alkylated bicyclo 
[3.1.0]hexanes each having a carboxylate-terminated side chain corresponding to one 
of the above specific omega-iodo alkylating agents. For example, the side chain will 
be alpha or beta 



when the alkylating agent is 



-CH(CH 3 )C^-^ 0C %a0Et 



ICH(CH 3 )CH 2 ^Q 0CH 2 C00 ^ 



Also following the procedure of Example 1-B, but using in combination each 
of the alternative alkylating Formula-XLVI and -XLVII agents within the scope of 

R 2 

10 Hal— CH— Z— COOR 3o , 10 

including the specific examples of those just mentioned, and each of the above- 
described Formula-XXXVI alternative bicyclo [3.1.0] hexane olefin reactants, there 
are obtained Formula-XXXVI I exo and endo, alpha and beta, compounds corres- 
ponding to the products of Example 1-B, but different therefrom with respect to 
15 both the carboxylate-terminated side chain and the side chain attached to the cyclo- 15 
propane ring of the product. In the same manner, alternative alkylating agents within 
the scope of 

R 2 

1 

1 

Hal — CH — Z — COORi 0 

wherein R 10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl, octyl, cyclohexyl, 
20 benzyl, phenyl, and ^,,5,^-trichloroethyl are used. 20 

Example 2 

Methyl 7 - [Endo - 6 - (1,2 - dihydroxyheptyl) - 3 - oxobicyclo [3.1.0] hex - 2* - yl] - 
3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - heptanoate (Formula XXXVIII, 
Chart E: G' is n-pentyl; R 2 , R 3 , and R4 are hydrogen; R 10 is methyl; Z is 

and is alpha and endo). 
Refer to Chart E. To a solution of dl - methyl 7 - [endo - 6 - (1 - heptenyl) - 
- 3 - oxobicyclo [3.1.0] hex - 2a - yl] - 3 - oxa - 3,7 - inter - m - phenylene - 4 3 5,6 - 
trinor-heptanoate (Example 1, 1.7 g.) in 30 ml. of tetrahydrofuran at 50° is added 
30 with stirring osmium tetroxide (200 mg.) followed by potassium chlorate (1.2 g.) 30 
and 15 ml. of water. The reaction mixture is maintained at 50° for 2 hrs., cooled, 
the tetrahydrofuran is removed, and the aqueous phase is extracted with dichloro- 
methane. The organic layer is dried and concentrated and the residue is chromato- 
graphed on 200 g. of silica gel. The column is eluted with 1 1. of 35% ethyl acetate- 
35 benzene and 1 1. of 40% ethyl acetate-benzene, collecting 30-mil. fractions. Fractions 35 
26—30 contain one isomer (faster moving, less polar) of the desired Formula- 
XXXVIII tide compound (350 mg.). Fractions 32—37 contain the other slower- 
moving (more polar) isomer (450 mg.). These materials show infrared spectral absorp- 
tion at 3330 cm" 1 . 

40 Following the procedure of Example 2 but using the hex-2£-yl isomer in place 40 

of the hex-2*-yl isomer of the bicyclo reactant, methyl 7[£W^6-(l,2-dihydroxy- 
heptyl) - 3 - oxobicyclo[ 3.1.0] hex - 2/? - yl] - 3,7 - Inter - m - phenylene - 4,5,6 - 
trinor-heptanoate is obtained. 
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respectively. In the same manner, but using, according to Example 1-B, other esters 
of the above-described Formula-XLVI and -XLVII alkylating agents within the 
scope of R zo as above-defined, e.g. 3 the isopropyl, tert-butyl, octyl, cyclohexyl, benzyl, 
and phenyl esters, there are obtained the corresponding Formula-XXXVII esters. 

5 Also following the procedure of Example 1-B, but using in combination each 5 

of the above-described alternative Formula-XXXVT bicyclo olefins and each of the 
above-described alternative Formula-XLVI or -XLVII omega-halo alkylation agents, 
there are obtained Formula-XXXVII alkylated olefins corresponding to the product 
of Example 1-B but different therefrom with respect to both the carboxylate-termi- 

10 nated side chain and the side chain attached to the cyclopropane ring in tie product 10 
Also following the procedure of Example 1-B, but using in place of the Formula- 
XLVI halo alkylating agent of that Example, each of the other alkylating agents 
within the scope of 

R 2 
I 

Hal— CH-^Z— COOR 10 

15 as above defined, i.e., alkylating agents of Formulas XL VI and XLVII as above- 15 
described, there are obtained alpha and beta exo and endo Formula-XXXVII com- 
pounds corresponding to the product of Example 1-B with each of the other 

I 

_CH— Z— COOR 10 

side chains in place of the 

20 ^/hcO^COOC* 20 



side chain of the Example 1-B product For example, using as Formula-XLVI 
alkylating agents in the Example 1-B procedure, the following compounds wherein 
Et is ethyl; 

25 ICH 2 -£y0-CH 2 C0OEt, ICI^-^-0-(C^) 2 COOEt. 25 

\ Zh ^J^z\ mU ? |cl)2 ^jO-CH(C"3)CHjC0OEt _ 

ICHj-Q^V 00 " , , CH2 ^CH r O(CH 2 y00" , 
,CH 2"O _ ( CH 2^ 0CH 2 C00Et ' '(CH^-Q-OCHjCOOEt. 

WznQ 0 ^ 00 " i(cH2Yt5 CWC00Et . 

!CH(CH 3 l-Q O ^2 C0Oa . IC^CH,)^ 0 ^ 00 " . 
O(C» 3 )C» 2 ^ C00tt .CH(CH 3 )CH 2 -<J CH ^ a . 
IC^CsC-Q-OCHjCOOEt, ICHjCeC-Q-OfcH^jCOOEt , 

35 .ch.c.c^W^ nffl {y^ tt , 35 

O 2 CBC-(3-CH 2 0CM 2 e00Et, ICHjCBa^-Q-OCI^COOEt. 
O(CH3)C»C-Q-0CH 2 C00£t, ICH(CH 3 )C«&^-0(CH 2 ) z C00Et, 

40 ichC^ccm^O"^ 000 ", and 40 

1CH (CH 3 1CsC-(^ai(CH 3 )0CH (CH 3 )C00Et . 
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wherein R, is as defined above, there are obtained FormuIa-XXXVI alkylated olefins 
corresponding to the product of Example 1-B with 

7* 

C 5 Hi x— CH — C— 

in place of the 1-heptenyl radical. 
5 Also following the procedure of Example 1-B, but using Formula-XXXVI 5 

bicyclo olefins obtained from bicyclo[3.1.0]hexane reactants with 

O 

R.-C- 

in place of 

O 

hJL, 

10 and primary and secondary bromides of the formula 10 

I 

G— CH— Br 

(as above defined), there are obtained Formula-XXXVII alkylated olefins corres- 
ponding to the product of Example 1-B with 

G — C=C — 

15 in place of the 1-heptenyl radical. , 5 
Also following the procedure of Example 1-B but using a larger amount of 
potassium tert-butoxide (16 g.) and maintaining the reaction S nnxture forThrs. at 
25 C. before addition of hydrochloric acid, a product is obtained which contains 

20 3 SIX ° f ^ 46 ^"^bed isomer "* the coSsSl 

gVaphy 3re separated bv above-described silica gel chremato* 2 0 

hli?^, 111 ' procedure of Example 1-B but using exo Formula-XXXVI 
bicyclo olefins m place of the ertdo reactant of Example 1-B, there are obtained the 
corresponding exo Formula-XXXVII alkylated olefins ootamea tde 

25 (mJ^^T % ^ P 1 ***™ °. f Exam P le 1 " B but replacing the methyl[m- 25 
(chloromethyl)phenoxy]acetate alkylating agent with the Formula-XLVI and -XLVII 
compounds, methyl 3 - [m - (chloromethyl)phenoxy]propionate, methyl 9 - bromo - 

in" i ' ^o" ^ leaQ - 4 4' 6 » " trinor " 7 " °onynoate, and methyl 

10 - bromo - 3 - oxa - 4,8 - inter - m - phenylene - 5,6,7 - trinor - 8 - decvnoate 
30 there are obtained alpha and beta, exo zn£ eJo, Formula-XXXVII alkylaSSs 30 
corresponding to the product of Example 1-B with <^yiarea oienns 30 

" •-c^-0-°- CH 2 cooc % 

replaced with 

-CHj^-O-^^COOCHj 



35 



and 



-«-<^°" C¥00CH3 
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5 67,8 - tetranor - 9 - undecenoate, there are obtained the corresponding Formula- 
XXX compounds. Thereafter, these alkylated ketals are transformed following the 
steps of Chart D as described in Example 9 to the corresponding PGE Z type com- 
pounds. . £ . 

5 Also following the procedure of Example 9-d, but using in place of the nonenoate 

alkylating agent, methyl [w-(chlorometliyl)phenoxy] acetate (Preparation 2), ethylfo- 
(bromomethyl)benzyloxy] acetate (Preparation 3), methyl 9 - bromo 3 - oxa^ - 3,7 - 
inter - m - phenylene - 4,5,6 - trinor - 7 - nonynoate (Preparation 7), and methyl 
11 - bromo - 3 - oxa - 4,9 - inter - p - phenylene - 5,6,7,8 - tetranor - 9 - undecynoate 

10 (following Preparation 7), there are obtained alpha and beta, exo and enda, com- 
pounds corresponding to die product of Example 9 with 



-CH, 



15 and 



15 



»ay>C-^-CH 2 0CH 2 C00CH3 



in place of the 



radical of the Example-9 Foramla-XXX product. In the same manner, but using 
20 Formula-XLVI-to-XLIX alkylating agents within the scope of the formula 20 

R 2 

Hal— <bl— J_COOR 10 , 

there are obtained the corresponding Formula-XXX products. 

Also following Example 9-d, other esters of the nonenoate alkylating agent and 
of the other above-mentioned alkylating agents within the scope of R 10 as above- 
25 defined, e.g., the methyl, isopropyl, tert-butyl, octyl, /?,j3,£-trichloroethyl, cyclohexyl, 25 
benzyl and phenyl esters, there are obtained the corresponding esters of these alpha 
and beta exo and endo Formula-XXX bicyclo[3.1.0]hexane cyclic ketal alkylation 

products. foUowing ^ procedure of Example 9 but using in combination each of the 
30 above-described alternative Formula-XXXVI bicyclo[3.1.0]hexane olefin reactants 30 
(e.g. following Example 1) and each of the above-described omega-halo alkylation 
reactants within the scope of 

R 2 

Hal— Lh— J— COOR 10 

(eg following Example 1) there are obtained Formula-XXX compounds corres- 
35 ponding to the product of Example 9 but different therefrom with respect to both 35 
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the <_rbo^kte-tenninated side chain and the side chain attached to the cyclopropane 
nng of the product, and in their respective alpha or beta and exo or eido con- 
figuration. 

Following die procedure of Example 9 but using in place of the acetonide each 
of the specific Formula-XXX exo and cndo, alpha and beta, saturated, cis and trans 
ethylenic, and acetyiemc bicyclo^.l.OJhexane cyclic fetal esters defined above, there 
™£S d ^^WJing Formula-XXXI dihydroxy compounds, and thence the 
correspondmg PGE type compounds. 

Example 10 

Methyl 7 - [Endo - 6 - (4 - phenyl - cis - 1 - buteny]) - 3 - oxobicyclo[3.1.0]hex - 

vJi 'xxwt^lZi'Zl ' " • phenyIene • 4 > 5 > 6 - -» - 7 - nonynoate 



R 2 , R 3 , and are hydrogen; R l0 is methyl; Z is 

-CsC-^pO-CHg- 

and is endo and alpha). 

n*** n „ 3rt . B V_? 0lk ?5?, £ e P rocedures of Example 1-B, but replacing 
endo - 6 - (1 - hepteny])bicyclot3.1.0]hexan - 3 - one with endo - 6 - (4 - phenyl ? 
™U r" ^Ttf ' bl fydo[3.1.0]hexan - 3 - one (Preparation 4), and replacing 
methyl [ m - (chloromethyl)phenoxy] acetate with methyl 9 - chloro - 3 - oxa - 3 7 - 
m lT- - « " Phe^ene - 4,5,6 - trinor - 7 - nonynoate (Preparation 7), there is 
obtained the desired FormuIa-XXXVII tide compound. P dr «ion mere is 

. . . ._ Example 11 

hex % L "v f 3 " ov", (4 ," 7 phe ? y i " 1}2 - d ^syloxybutyl) - 3 - oxobicyclo[3.1.0] 
formula XXXIX, _£ E^ T ' 9 " ' 4 ' 5 > 6 " ttinOT 7 " non ^ 

R», R 3 , and R4 are hydrogen; R,,, and R 13 are methyl; Z is 



and — is alpha and endo). 
; na £ J S ^ PreP-red the Formula-XXXVIII dihydroxy compound. Follow- 
ing the procedures of Example 2, but replacing dl - metiiyl 7 - \eldo - 6 - (1 - 

S^l, 7" 3, V ^S* ■_" - P he ?y lene - W - trinor i heptanoate with 
dl - methyl 7 - [oafo - 6 - (4 - phenyl - cis - 1 - butenyl) - 3 - oxobicyclo[3.1.01 

(fcxample 10), there are obtained isomers of the desired Formula-XXXVIII com- 
ESS-n 1 'tiVk**! " ^ 6 - (4 - - W - dihydroxybutyl) 3 Z- 

7-nonSoale ] " " ^ ' 3 " ^ " W " ^ " W " " 4 > 5 ' 6 " *-» " 

b. Following the procedures of Example 3, but replacing that Formula-XXXVIII 
dihydroxy heptanoate compound with the Formula-XXXVIII nonynoate comround 
pound " deSired FormuIa - XXXIX dimesyloxy title ram- 
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Example 12 

Methyl 9 - [Endo - 6 - (1,2 - dihydroxy - 4 - phenylbutyl) - 3 - oxobicyclo [3.1.0] 
hex - 2a - yl] - 3 - oxa - 3,7 - zwter - m - phenylene - 4,5,6 - trinor - trans - 
7-nonenoate Acetonide (Formula XXX, Chart D: G is 



J is traits 



-CH-CH-Q-0-CH 2 - 



R 2 , Rtj, and R 4 are hydrogen; R 10 , R u , and R 12 are methyl; and ^ is endo and alpha). 
Refer to the sequence of reactions from Formula XLIII to Formula XXIX, and 
10 to Chart D. 10 

a. There is first prepared the Formula-XLIV dihydroxy compound. To a solu- 
tion of the Formula-XXXVI olefin (Preparation 4, above, approximately 10.0 g.) 
in water is added a solution of potassium chlorate (10.0 g.) and osmium tetroxide 
(0.65 g.) in 250 ml. of water. The mixture is stirred vigorously for 5 hrs. at 50° C. 

15 Then, the cooled mixture is concentrated under reduced pressure, the residue is 15 
extracted repeatedly with dichloromethane, and the combined extracts are dried and 
evaporated. The residue is chromatographed on about 1000 g. of silica gel, and eluted 
successively with 3 1. of 10% ethyl acetate in a mixture of isomeric hexanes (Skelly- 
solve B), with 5 1. of 25% ethyl acetate in Skellysolve B, and then with 50% ethyl 

20 acetate in Skellysolve B, collecting 500 ml. eluate fractions. Fractions shown by 20 
TLC to contain the desired product are combined and evaporated to dryness to give 
cn ^ou6-(l 3 2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one (Formula XLIV). 

b. A solution of the Formula-XLIV dihydroxy compound above (about S.O g.) 
and 700 mg. of potassium bisulfate in 140 ml. of acetone is stirred at 25° C. for 64 

25 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the mixture is 25 
stirred 10 min. The acetone is evaporated at reduced pressure, and water is added. 
The aqueous solution is extracted repeatedly with dichloromethane, and the extracts 
are combined, washed with water, dried, and evaporated. The residue is chromato- 
graphed on 400 g. of silica gel, being eluted with 2 1. of 10% ethyl acetate in 

30 Skellysolve B. and then with 4 1. of 15% ethyl acetate in Skellysolve B. The 15% 30 
ethyl acetate eluates are evaporated to give the Formuia-XXIX ketal, enrfo-6-(l,2- 
dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one aceionide. 

c. To prepare the Formula-XXX compound, the ketal above is alkylated fol- 
lowing the procedure of Example 1-R, but replacing methyl fwz-(chloromethyl)phen- 

35 oxy] acetate with methyl 9 - chloro - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - 35 
trinor - trans - 7 - nonenoate (Preparation 9, above), thereby yielding the desired 
Formula-XXX tide compound. 

Following the procedures of Example 9, the Formula-XXX compound is trans- 
formed via the Formula-XXXI and -XXXII compounds to the corresponding 

40 Formula-XXXIII PGE-type compound. 40 

Example 13 

9 - [Endo - 6 - (1,2 - dihydroxy - 2 - methylheptyl) - 3 - oxobicyclo [3. 1.0] hex - 
2* - yl] - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - cis - 7 - nonenoic 
Acid Acetonide (Formula LXIV, Chart F: G is n-pentyl; J is ay 



45 -CHoCH« 



45 



R* and R* are hydrogen; R 3 , Ru; and R 12 are methyl; and ^ is alpha and endo. 

Refer to Chart F. A solution of sodium borohydride (1.5 g.) in 10 ml. of water 
is added with stirring to a solution of Formula-LX methyl 9 - [endo - 6 - (1,2 - 
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dihydroxy - 2 - methylheptyl) - 3 - oxobicyclo[3.1.0]hex - 2a - yl] - 3 - oxa - 3,7 - 
ittier - m -phenylene - 4,5,6 -trinor - cis - 7 - nonenoate acetonide (5.0 g.) in 110 
nL of absolute ethanol at 0° C. The mixture is stirred for 2.5 hrs. at 0° to 5° C 
Then, 40 ml. of acetone is added, and, after 5 min., the mixture is evaporated under 
£2?T pressui : e - ^ . r f sidue is extracted with dichloromethane, and die extract is 
washed success.vely with dilute hydrochloric acid and saturated aqueous sodiuni 
chloride solution, dried, and evaporated to give the Formula-LXI compound, methyl 
Lr ? "ii" { ¥ ' \ 2 - methylheptyl) - 3 - hydroxybicyclo[3.1.0] 

jiL" 3 - oxa - 3 >7 - ™ter - m - phenylene - 4,5,6 - trinor - cis - 
/-nonenoate acetonide. 

* nn i TSi ^^"J^L?^ ketal hydrozy is "K 5801 ^ in a of meth- 

yl (100 ml.) and 45% aqueous potassium hydroxide solution (30 ml.), and the 

™ der nitrogen at 25° C for 15 hrs. Two volumes of water are then 

added, and the mixture is acidified with cold hydrochloric acid and then extracted 

with a mixture of dichloromethane and diethyl ether (1:3). The extract is washed 

aqU£0US ro Um r Ch }° ride S0,Uti0n > dried evaporaS to givfthe 
Fomula-LXH impound, 9 - [endo - 6 - (1,2 - dihydroxy - 2 - methylheptyl) - 3 - 
hvdroxybicyclo[3.1.0]hex - 2a - yl] - 3 - oxa - 3,7 - inter - m - phenyl^ 4,5,6 - 
tnnor-cu-7-nonenoic acid acetonide. 

,,;h ^° n f7n e T nt , (? mL) is added t0 a so,ution of this FormuIa-LXII hydroxy 
acid in 120 mi. of acetone at 0° C. The mixture is stirred 5 min. at 0° C Then 5 

SSrifw J $ ^ ^ CT {1:3 > The 6Xtract is washed successively with dilute 
SJS ° v"? satu !2 led a 1 ueou s sodium chloride solution, dried, and 
evaporated to give the desired Formula-LXIV tide compound 

mmnnSTfi? ¥ pr ° cedu i e ° f Example 13 but ^stituting for that Formula-LX 
n ? P ™'H the F ™ la ; L X compound of Example 12, viz. dl-methyl 9-[endo-6- 
(1,2 - dihydroxy - 4 - phenylbutyl) - 3 - oxobicyclo[3.1.0]hex - 2a - yl] - 3 ; - oxa - 
3,7 - inter - m - phenylene - 4,5,6 - trinor - trans - 7 - nonenoate acetonide there 
is obtained the corresponding Formula LXI compound, methyl 9 - \erSo 6 T- (U - 
dihydroxy - 4 - phenylbutyl) - 3 - hydroxybicyclo[3.1.0]hei - 2a - yl] - 3 - oxa - 
3,7 - infer - m - phenylene - 4,5,6 - trinor - trans - 7 - nonenoate: there is likewise 
obtained the corresponding Formula-LXII compound, 9 - Undo - 6 - (12 - 
dihydroxy - 4 - phenylbutyl) - 3 - hydroxybicyclo [3.1.0] hex - 2a - yl] - 3 - oxa - 
3,7 . «» - ,« - phenylene -4,5,6 - trinor - trans - 7 - nonenoic acid: and there is 
5S^ bt T d ^ T'T 1 ^ Fomula -LXIV compound, 9 - [ e ,Jo - 6 (£ - 
dihydroxy - 4 - phenylbutyl) - 3 - oxobicyclo[3.1.0]hex - 2a- yl] - 3 - oxa -37 - 
»Kte--»2-phenylene-4,5,6-trinor-<ra W i-7-nonenoic acid acetonide 

Y r!l5!!°T^ * e Pf 5 edui 5 of Example 13, but using the specific Formula- 
^XX compounds described m and following Example 9 within the scope of Formula- 
pomds ^ ^ corresponding Formula-LXI, -LXII, and -LXIV corn- 

Example 14 

7 - [Endo - 6 - (1 - heptenyl) - 3 - oxobicyclo[3.1.0]hex - 2a - yl] - 3 - oxa - 47 - 
n-Jntyf- 2^ enykne " 5 ' 6 " dinor " he Ptanoic Acid (Formula LXX, Chan G: G is 



nofo , *• R £ °g ** a . re hydrogen; and ^ is alpha and endo). 

Kefer to Chart G. Followmg the procedure of Example 13, the Formula-LXVI 
compound, ethyl 7[enda - 6 - (1 - heptenyl) - 3 - oxobicycloTSJ.ofhex^ - y T] - 
a- V £ ~,° " P hen y lene - 5,6 - dinor - heptanoate is reduced with 

sodium borohydnde to the Formula-LXVII compound, ethyl 7 - [endo -6- O - 
heptenyl) - 3 - hydroxybicyclo[3.1.0]hex - 2« - yl -' 3 - oxa - 4,7 - inter -J - 
phenylene-5,6-dmor)-heptanoate. That hydroxy ester is then saponified as described 
in Example 13 to the Formula-LXyill compound, 7 - [endo - 6 - a - heDteS - 
3 - hydroxybicyclo[3.1.^hex - 2a - yl] - 3 - oxa -'4,7 - into o - phenyl! - 5 6 I 

P T*f«S d T 7 3dd iS 1,16,1 0xidi2ed 33 d escnUl E^pie 
13 to the desired Formula-LXX title compound. ^«"fxc 

Following the procedure of Example 14 but substituting for that Formula-LXVI 
compound, the formula-LXVI compound of Example 10, vil dl-meSyl 7^Tdo£(l 
phenyl - as - 1 - butenyl) - 3 - oxobicyclo[3.1.0]hex - 2a - yl] - 3 . oxa -37 
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inter - m - phenylene - 4,5,6 - trinor - 7 - nonynoate, there is obtained on reduction 
the corresponding Formula-LXVII compound, methyl 7 - [endo - 6 - (4 - phenyl - 
or - 1 - butenyl) - 3 - hydroxybicyclo [3.1.0] hex - 2a - yl] - 3 - oxa - 3,7 - inter - 
m - phenylene - 4,5,6 - trinor - 7 - nonynoate; there is likewise obtained on saponi- 

5 fication the corresponding Formula-LXVIII compound, 7 - [endo - 6 - (4 - phenyl - 5 
cis - 1 - butenyl) - 3 - hydroxybicyclo [3. 1.0] hex - 2a - yl] - 3 - oxa - 3,7 - inter - 
?w - phenylene - 4,5,6 - trinor - 7 - nonynoic acid; and there is likewise obtained on 
oxidation die corresponding Formula-LXX compound, 7 - [endo - 6 - (4 - phenyl - 
as - 1 - butenyl) - 3 - oxabicyclo[3.1.0]hex - 2a - yl] - 3 - oxa - 3,7 - inter - tn - 

10 phenylene-4,5,6-trinor-7-nonynoic acid. 10 
Following the procedure of Example 14, but using in place of the Formula-LXVI 
3-oxobicyclo[3.1.0]hexane ester, each of the specific Formula-LXVI endo and exo, 
alpha and beta, saturated and acetylenic esters described in and following the 
Examples 1, 6, and 10 is reduced with sodium borohydride to give the corresponding 

15 Formula-LXVII 3-hydroxy-bicyclo[3.1.0]hexane ester. That hydroxy ester is then 15 
saponified as described in Example 13 to the corresponding Formula-LXVIII 3- 
hydroxybicyclo[3.1.0]hexane acid. That hydroxy acid is then oxidized as described 
in Example 13 to the corresponding Formula-LXX 3-oxobicyclo[3.1.0]hexane acid. 

Example 15 

20 dl - 15 - Dehydro - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGFi a 20 
Methyl Ester (Formula LXXV, Chart I: E is trans — CH=CH— G is n-pentyl, 
Jis 



R x is methyl, R 2 is hydrogen, and ^ is alpha). 

25 Refer to Chart I. A solution of dl - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - 25 

trinor-PGF la methyl ester (Example 4, about 0.5 g.) in 24 ml. of dioxane is stirred 
at 50° C. under nitrogen and 2,3 - dichloro - 5,6 - dicyano - 1,4 - benzoquinone 
(0.37 g.) is added. The mixture is stirred at 50° C. for 24 hrs., cooled to room tem- 
perature, and filtered. The filter cake is washed with tetrahydrofuran, and the filtrate 

30 and wash are combined and concentrated under reduced pressure. The residue is 30 
taken up in dichloromethane and washed with brine, then dried over sodium sulfate 
and evaporated under reduced pressure. The residue is chromatographed over 90 g. 
of silica gel wet-packed in 8% ethanol in dichloromethane, eluting with 300 ml. of 
2%, 300 ml. of 3%, 225 ml of 7.5% and 245 ml. of 10% ethanol in dichloro- 

35 methane, taking 15-ml. fractions. Fractions shown by TLC to contain the desired 35 
product are combined and evaporated to give the desired Formula-LXXV title com- 
pound. 

Example 16 

dl - 15 - Methyl - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGF la 
40 Methyl Ester (Formula XVII : C s U 2e and CpH 2p are valence bonds in meta relation- 40 
ship, QHoq is methylene, G is n-pentyl, R, and R 3 are methyl, R 2 and R, are hydrogen, 

and r^> is alpha). 

Refer to Chart I. A solution of 0.413 g. of dl - 15 - dehydro - 3 - oxa - 3,7 - 
inter - in - phenylene - 4,5,6 - trinor - PGF 1(i methyl ester (Example 15, about 

45 0-4 g.)* hcxamethyldisilazane (3 ml.) and trimethylchlorosilane (0.5 ml.) in 20 ml.) 45 
of tetrahydrofuran is allowed to stand at about 25° G for 20 hrs. The mixture is 
filtered and the filtrate is concentrated by evaporation under reduced pressure. Xylene 
(10 ml.) is added to the residue and removed by evaporation under reduced pressure. 
The residue is dissolved in anhydrous ether and 110% of the theoretical amount of 

50 3 M methyl magnesium bromide in ether is added. The mixture is allowed to stand 50 
20 min. at about 25° C and poured into 100 ml. of saturated aqueous ammonium 
chloride. The ether layer is separated, the aqueous layer is extracted with ether, and 
the ether extracts are combined and washed with brine, dried over sodium sulfate, 
and evaporated under reduced pressure. The residue is dissolved in 300 ml. of ethanol 

55 and 30 ml. of water containing 3 drops of glacial acetic acid, and the mixture is 55 
stirred for 2 hrs. at about 25° C. The mixture is concentrated under reduced pressure 
to an aqueous residue and the residue is extracted with dichloromethane. The dichloro- 
methane extract is evaporated under reduced pressure to give a residue which is 
chromatographed over 60 g. of silica gel wet-packed in 8% ethanol in dichloro- 

60 methane, eluting with 200 ml. of 5% and 800 ml. of 10% ethanol in dichloro- 60 
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methane and taking 10-ml. fractions. Fractions shown by TLC to contain the desired 
product are combined and evaporated to yield the desired Formula-XVII title com- 
pound. Other fractions yield the 15-epimer. 

Following the procedures of Examples 15 and 16, but using dl-3-oxa-3,7-/7zter- 

5 m - phenylene - 4,5,6 - trinor - PGF 1/? methyl ester instead of the PGF la compound, 5 
there is obtained first the 15-dehydro PGF^ compound, and finally the 15-methyl-3- 
oxa-3,7-m^r-772-phenylene-4,5 3 6-trinor-PGF lj3 methyl ester, and its 15-epimer. 
a- v£Z lS ^ USkg Ae corres P° ndin g 3 - oxa - 4,7 - inter - o - phenylene - 5,6 - 
dinor-PGFi a or PGF J/? compounds instead of the above oxa-phenylene compounds, 

10 ™« obtained the corresponding 15-dehydro PGF lu or PGF^-type compounds, 10 
and finally jhe 15 - methyl - 3 - oxa - 4,7 - inter - a - phenylene - 5,6 - dinor - 
1 Lrt la or -PGF 15 ethyl esters and their 15-epimers. 

Example 17 

1* ?1 \ ! M 4 " ^y^ 0 - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGEx 
15 Methyl Ester (Formula XVI: QH 2g and CpH 2p are valence bonds in meta relation^ 15 
ship; is methylene; G is n-pentyl; R x is methyl; R 2 , R 3 , and R 4 are hydrogen; 

and r— is alpha). 

- R ™L t0 013x1 B - A solution of 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - 
trinor-PGEa methyl ester (Example 3, 100 mg.) in 10 ml. of ethyl acetate is shaken 
with hydrogen at about one atmosphere pressure at 25° C. In the presence of 5% 20 
rhodium on charcoal (15 mg.). After approximately one equivalent of hydrogen is 
absorbed, the hydrogenation is stopped, and the catalyst is removed by nitration. The 
filtrate is evaporated, and the residue is chromatographed on 25 g. of silica eel, elut- 
oc ? g ^5 50—100% ethyl acetate gradient in Skellysolve B. Those fractions shown 

°y to contain the desired product free of the starting product and hydrogena- 25 
tion products are combined and evaporated to give the desired Formula-XVI title 
compound. 

Following the procedure of Example 17, 3 - oxa - 3,7 - inter - m - phenylene - 
4,5,6 - trinor - PGEx methyl ester is reduced to 13,14 - dihydro - 3 - ora - 3,7 - 
w inter - m - phenylene - 4,5,6 - trinor - PGE, ethyl ester. Likewise, 3 - oxa - 47 - 30 
inter - o - phenylene - 5,6 - dinor - PGE X methyl ester is reduced to 13,14- 
dihydro - 3 - oxa - 4,7 - inter - a - phenylene - 5,6 - dinor - PGE! methyl ester. 

Also following the procedure of Example 17, 3 - oxa - 3,7 - inter - m - phenyl- 

w prV 4i5>6 "J™? ~? GEz > ' irans ' 5 > 6 " ddx y dxo " PGE *> and -5,6 - dehydro - 

r?^ rC ^ J eduC€ * t0 13 ^4 -.dihydro - 3 - oxa - 3,7 - inter - m - phenylene - 35 
4,5,6-trinor-PGEi, usmg two equivalents of hydrogen for the first two reactions, 
and three equivalents of hydrogen for the third. Likewise, the corresponding 3-oxa- 
4,7 - inter - o - phenylene - 5,6 - dinor - compounds are reduced to 3 - oxa - 4 7 - 
mfer-a-phenylene-S^dinor-PGEi. 

40 fn™ A1S f °l 0ll0 ^ ing ^ e £?? dur £? f JS m P le 17 > eth y J ester and ^e free acid 40 
form of the Formula XHI-to-XV PGE compounds in their various spatial con- 
ngurations are transformed to the corresponding 13,14-dihydro PGE X compound bv 
catalytic hydrogenation, usmg equivalents of hydrogen appropriate to the degree of 
unsatoation of the reactant, i.e., one equivalent for the PGE X type, two equivalents 

45 for the PGE. type and trans - 5,6 - dehydro - PGE, type, aid three eo^valente 45 
for the 5,6-dehydro-PGE 2 type. 4 

Also following the procedure of Example 17, 3 - oxa - 3,7 - inter - m - 
phenylene - 4,5,6 - trinor - PGF ltr and its ethyl ester are reduced to 13,14 - dihydro - 

50 tively^ " " ***** ■ " * " phenylene " 4 > 5 ' 6 " PGF > < and its eth Vl oter, respec- 
Also following the procedure of Example 17, the ethyl ester and the free acid 
form of the Formula XVII-to-XIX PGF compounds in their various spatial con- 
figurations are transformed to the corresponding 13,14 - dihydro PGR or PGR* 
compound by catalytic hydrogenation, using equivalents of hydrogen appropriate to 

55 the degree of unsaturation of the reactant. 

Example 18 

$«^£ 4 Th5S?r w 3 " °Tnb 7 ' inter ; m - ■J****™ ' 4,5,6 - trinor - PGA, 
(Formula XXIV: C K H 2g and C„H SB are valence bonds in meta relationship; C,H-„ 
is methylene; G is n-pentyl; R„ R 2 , R3, an d K, are hydrogen; and ~ fe alpha)! 
00 Refer to Chart B. A suspension of disodium azodiformate (50 mg.) in 5 ml of 

absolute etiianol is added to a stirred solution of 3 - oxa - 3,7 - inter - m - phenylene - 
4,5,6 - trmor - PGA, (Example 5, 50 mg.) in 10 ml. of absolute ethanol under 
nitrogen at 25° C. The mixture is made acid with glacial acetic acid, and then is 



50 



55 
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stirred under nitrogen at 25° C. for 8 hrs. The resulting mixture is evaporated under 
reduced pressure, and the residue is mixed with a mixture of diethyl ether and water 
(1:1). The diethyl ether layer is separated, dried, and evaporated to give the 
desired Formula-XXIV title product. 

5 Following the procedure of Example 18, 3 - oxa - 3,7 - inter - m - phenylene - 5 

4,5,6 - trinor - PGA X methyl ester is reduced to 13,14 - dihydro - 3 - oxa - 3,7 - 
iwter-w-phenylene-4 3 5,6-trinor-PGA 1 methyl ester. 

Also following the procedure of Example 18, 3 - oxa - 3,7 - inter - m - phenyl- 
ene - PGA 2 , trans - 5,6 - dehydro - PGA l5 and -5,6 - dehydro - PGA 2 are each 

10 reduced to 13,14 - dihydro - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - 10 
PGA l5 using amounts of the disodium azodiformate reactant appropriate to the 
degree of unsaturation of the reactant. 

Also following the procedure of Example 18, the methyl ester and the free 
acid form of the Formula XHI-to-XV PGE type compounds, the Formula XVII-to- 

15 IX PGF type compounds, the Formula XXI-to-XXIII PGA type compounds, and 15 
the Formula XXV-to-XXVII PGB type compounds are transformed to the corres- 
ponding 13,14-dihydro PGE X , PGF l3 PGA l5 or PGBi type compound by diimide 
reduction, using amounts of disodium azodiformate reactant appropriate to the 
degree of unsaturation of the PGE, PGF, PGA, or PGB type reactant 

20 Example 19 20 

dl - 3 - Oxa - 3,7 - inter •• m - phenylene - 4,5,6 - trinor - PGAi Methyl Ester 
(Formula XXI: QH ZP and C p H 2p are valence bonds in meta relationship; QH 2q 
is methylene; G is n-pentyl; R x is methyl; R 2 , R 3 , and R 4 are hydrogen and ~* 

is alpha) 

25 Refer to Chart D. A solution of the Formula-XXXII bismesylate, methyl 7- 25 

[endo - 6 - (1,2 - dimesyloxyheptyl) - 3 - oxobicyclo[3.1.0]hex - 2a - yl] - 3 - 
oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - heptanoate (Example 3, about 
10 g.) in 75 ml. of acetone is mixed with 10 ml. of water and 20 ml. of saturated 
aqueous sodium bicarbonate solution. The mixture is refluxed under nitrogen for 4 

30 hrs. Then, the mixture is cooled, acidified with 5% hydrochloric acid, and extracted 30 
with ethyl acetate. The extract is washed with saturated aqueous sodium chloride 
solution, dried, and evaporated to give the desired Formula-XXXIV (-XXI) title 
product. 

Following the procedure of Example 19, each of the bismesylates defined in 
35 Example 3 is transformed to the corresponding PGA-type ester, including the 35 
trichloroethyl esters. Thereafter, each of the &,/?,£-trichloroethyl esters is transformed 
to the corresponding PGA-type free acid by the procedure of Example 23, below. 

Example 20 

dl - 3 - Oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGBi (Formula XXV: 
40 QH 2B and C p H 2p are valence bonds in meta relationship; C,H 2<1 is methylene; G is 40 

n-pentyl; and Ri, R 2 , R s , and Rj are hydrogen). 
Refer to Chart A. A solution of dl - 3 - oxa - 3,7 - inter - m - phenylene - 
4,5,6-trinor-PGE! (200 mg.) in 100 ml. of 50% aqueous ethanol containing about 
one gram of potassium hydroxide is kept at 25° C. for 10 hrs. under nitrogen. Then, 
45 the solution is cooled to 10° C. and neutralized by addition of 3 N. hydrochloric acid 45 
at 10° C. The resulting solution is extracted repeatedly with ethyl acetate, and the 
combined ethyl acetate extracts are washed with water and then with brine, dried, 
and evaporated to give the desired Formula-XXV title compound. 

Following the procedure of Example 20, 3 - oxa - 3,7 - inter - m - phenylene - 
50 4,5,6-trinor-PGAi is also transformed to the PGBi-type tide compound. 50 
Following the procedure of Example 20, each of the Formula XHI-to-XVI 
PGE compounds and Formula XXI-to-XXIV PGA compounds are transformed to 
the corresponding PGB compounds. 

Example 21 

55 dl - 15 - Methyl - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGEx 55 
Methyl Ester (Formula XIII: C B H 35 and CpH 2p are valence bonds in meta relation- 
ship; C a H 2Q is methylene; G is n-pentyl; R a and R 3 are methyl; R 2 and R4 are 

hydrogen; and ^ is alpha). 
Refer to Chart H. A solution of dl - 15 - methyl - 3 - oxa - 3,7 - inter - m - 
60 phenylene - 4,5,6 - trinor - PGFi a methyl ester (95 mg.) in 40 ml. of acetone is 60 
cooled to —10° C. To it is added 110% : of the theoretical amount of Jones reagent 
(in the proportions of 21 g. of chromic anhydride, 60 ml. of water, and 17 ml. of 
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concentrated sulfuric aa^ pre-cooled to 0° G, with vigorous stirring. After about 10 
mm., isopropyl akohol (1 mL) is added to the cold ruction mixture. After 5 min , 

te®*** * concentrated at reduced pressure, and the 

aS, LT* W,th K 5 - ° f bTint - 11,6 mixture is extracted repeatedly ^ith ethyl 
* c . ombined e ^ts are washed with brine, dried with anhydrous 
sodium ^ate aad concentrated at reduced pressure. The residue is chrematographel 

pL^JhJ ?T*t ^ h e i UQng with 50% acetate * SkeUysolve B. 

Evaporation of the eluates gives the desired Formula-XIII title product. 

n J oBo ! m 6 1,16 Procedure of Example 21, there is substituted for the dl-15- 
metnyl - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGR. methvl ester 

t Snv?tS ffi ZT'J* ^ i^' -ter, the bSJ S 

m Phenyl ester, the 2,4-dichlorophenyl ester, the 2-tolyl ester, or the BBB-tti- 
chloroethyl ester, there is obtained the corresponding dl - 15- metnyl \ - oxi - 3 7 - 
»H«ei-j«-phenylene-4 3 5,6-trinor-PGE. compound ' 
Following the procedure of Example 21, but substituting for the 15-merhyl-3- 

Ser'of'ea'chT/t^V" "a 4 * 5 ' 6 " ^ " PGF " ^ the methyl 

ester of each of the 15 - methyl - 3 - oxa - 3,7 - inter - m - ohenvlene - 4 5 6 

FOT^jffiSS*- - 5 > deh y dro -PGR„ -5,6-d^Uo-PG y F!r-dih^ 
tiSf^H id -d,hydro-PGF )/3 compounds in their various natural or 15*$ configura- 
t,ons and optical isomers is transformed to the corresponding PGE-type compomd 
FoJ^mg die procedure of Example 21, each of the various IS^SZSSj. 

£ IwThJl P f yl£ne ," tVi 6 -, trin0 , r - PGF " ""^ «« compounds, including 
totul h 2£i Pr f Sl ' l 5 ~ bmyl > ^."-substituted isomeric forms of propyl and 
butyl is transformed to the corresponding PGE type compound. 
ari ,™ foHowing tiie procedure of Example 21, each of the 15-alkyl PGF-type 

Jf-tlkv? PG? , ^ , ^ the 5 ^ PC ° f F0mula LXXI1 H > is traSfonnlS K 

13-aiRyl l GE-type aad or ester encompassed by Formula LXXIII. 

a\ k . , , Example 22 

l*yl 5 EsS e %rmul;Sl:- C^Jf V ™ien£^ cjf k^e 
methylene; and C,H 8p are SoFtho relation**; ot nSfet <md\ £ 

H^frr n. ™ t 4 2 - 114 , are hy^gen; and - is alpha). 

Refer to Chart J. A mixture of the Formula-LXXIX 15 - methyl - 3 - oxa - 

ml.) is stirred under nitrogen at 25° C for 1* ™»« JaxZ- , "f yx r? er <~ 

chromatography with the A-IX system to give thf desired J£H3ffifrEn5) 
PrF F °!Si3, g ^ Pf ocedure ? f Ex ample 22, but substituting for the oxa-phenvlene 
pS3«^fe^lSKS ^ " d ? , y dr °- PGE V *** «« obtau&l the con£ 

ws - phenylene - 4,5,6 - trinor - PGF PPP J ? ^L'J ntei 

trmor-PGA W ^ AflXd J^SSK " ' " ^ _ W " 
rru -Tn foUowmg the procedure of Example 22, each of the Formula I XXTV 

ji a ^ ->n ■ Example 23 

r h jo ' 7 " ,M f " m ' Phenylene - 4,5,6 - trinor - PGE, (Formula yttt. 

C eH2b and C^are valence bonds in meta relationship;^ ^SlS^Qk 
v j ?™y ij r\i>. K 2> R 3, and R, are hydrogen; and ~> is aIoha> 
Zinc dust (420 mg.) is added to a solution containing dl - 3 ! oxa - 3 7 ,w,, 

w - phenylene - 4,5,6 - trinor - PGE t BAB - trichlofoedivl eaS "nm Lf i 

ml. of a mixture of acetic acid and water^l v/v). Thfs Sx^ H'rS^ 
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nitrogen 2 hrs. at 25° C. Ethyl acetate (4 volumes) is then added, followed by addi- 
tion of 1 N. hydrochloric acid (one volume). The ethyl acetate later is separated, 
washed with water and then with brine, dried, and evaporated. The residue is 
chromatographed on 15 g. of acid-washed silica gel (Silicar CC4), being eluted with 

5 100 ml. of 50%, 100 ml. of 80%, and 200 ml. of 100% ethyl acetate in Skelly- 5 
solve B, collecting 20-ml. fractions. The fractions containing the desired product 
and no starting material or dehydration products as shown by TLC are combined 
and evaporated to give the desired Formula-XIII title compound. 

Following the procedure of Example 23, each of the ft/^/taribromoethyl, -tri- 

10 iodoethyl, /^-dibromoethyl, -diiodoethyl, and the /?-iodoethyl esters of 3-oxa-3,7- 10 
inter - m - phenylene - 4,5,6 - trinor - PGE X is converted to the free acid of 3 - oxa - 
3,7 - inter - m - phenylene - 4,5,6 - trinor - PGE X by reaction with zinc dust and 
acetic acid. 

Following the procedure of Example 23, the &&£-ttichloroethyl ester of dl-15- 
15 methyl - 3 - oxa - 3,7 - inter - m - phenylene - 4 - nor - PGE 2 following Example 9 15 
above is converted to the respective free acid compound using zinc dust with either 
propionic, butyric, pentanoic, or hexanoic acid instead of acetic acid. 

Following the procedure of Example 23, the £,/?,/?-trichloroethyl ester of each 
of the PGE, PGF, PGA and PGB type compounds represented by Formulas XIII — 
20 XXVTII in their various structural configurations and optical isomers is treated with 20 
zinc dust and acetic acid to obtain the corresponding free acid form of the com- 
pound. The esters are prepared by the procedures disclosed herein, using as inter- 
mediates Formula-XXX cyclic ketals or Formula-XXXVII olefins wherein R 10 is 
haloethyl, e.g., £ x /?./?-trichloroethyl. These intermediates are prepared either by 
25 alkylation of the respective Formula-XXIX cyclic ketal (Chart D) or Formula- 25 
XXXVI olefin (Chart E) with the appropriate alkylating agent wherein R l0 is halo- 
ethyl, or by the transformation of the alkylated cyclic ketal or olefin by the steps 
shown in Charts F and G using procedures disclosed herein, yielding intermediates 
LXIII, LXV, LXIX, or LXXI. 

30 Example 24 30 

dl - 3 - Oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGF la and -PGF 1/3 
(Formula XVII: QH 2g and C p H 2p are valence bonds in meta relationship; CJrI 2q is 
methylene; G is n-pentyl; R 15 R 2 , R 3) and R* are hydrogen; and ^ is alpha or beta). 
A solution of 146 mg. of dl - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - 

35 trinor-PGF la ethyl ester in a mixture of 4.5 ml. of methanol and 1.5 ml. of water 35 
is cooled to 5° C. and 0.6 ml. of 45% aqueous potassium hydroxide is added. The 
mixture is allowed to stand 3.5 hrs. at 25° Q, then is diluted with 75 ml. of water 
and extracted once with ethyl acetate to remove any neutral material. The aqueous 
layer is separated, made acid with dilute hydrochloric acid and extracted 4 times 

40 with ethyl acetate. The extracts are combined and washed 3 times with water, once 40 
with brine, dried over sodium sulfate, and evaporated to give the desired Formula- 
XVII PGF la -type title compound. 

Following the procedure of Example 24, the methyl ester of dl - 3 - oxa - 3,7 - 
inter - m - phenylene - 4,5,6 - trinor - PGF 1/3 is transformed to the free acid, i.e. the 

45 Formula-XVII PGF 1/r type tide compound. 45 
Following the procedure of Example 24, the methyl or ethyl esters of the 
various oxa-phenylene PGF-type compounds and their isomers are transformed to the 
corresponding free-acid oxa-phenylene PGF-type compounds. 

Example 25 

50 dl - 3 - Oxa - 3,5 - inter - m - phenylene - 4 - nor - PGF 2a Methyl Ester (Formula • 50 

XVIII: CjH 2f and CpH 2p are valence bonds in meta relationship; QHzq is methylene; 

G is n-pentyl; R a is methyl; R 2 , R 3 , R 4 , R 3 , and R c are hydrogen; and <~> is alpha). 
Refer to Chart C. dl - 5,6 - Dehydro - 3 - oxa - 3,5 - inter - m - phenylene - 

4 - nor - PGF 2a methyl ester (200 mg.) in pyridine (4 ml.) and methanol (10 ml.) is 
55 hydrogenated in the presence of a 5%-palladium-on-barium sulfate catalyst (200 55 

mg.) at 25° and atmospheric pressure. The reaction is terminated when slightly more 

than one equivalent of hydrogen is absorbed. The mixture is filtered and evaporated. 

Ethyl acetate is added and residual pyridine is removed by addition of ice and 3 N. 

hydrochloric acid. The ethyl acetate layer is washed with 1 N. hydrochloric acid and 
60 then with saturated aqueous sodium chloride solution, dried, and evaporated to yield 60 

the desired Formula-XVTII title product. 

Following the procedure of Example 25, the 5,6-dehydro-oxa-phenylene PGF 2 

compounds following Example 4 are reduced to the corresponding PGF 2 com- 
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pounds Likewise, the 5,6-dehydro oxa-phenylene PGE, PGA, and PGB compounds 
disclosed herein are reduced to the corresponding PGE., PGA-, and PGB, com- 
pounds. 

Example 26 

fififi - Trichloroethyl 9 - \cndo - 6 - (1,2 - dihydroxy - 2 - methylheptyl) - 3 - 5 
hydroxybicyclof3.1.0]hex - 2« - yl] - 3 - oxa - 3,7 - inter - m - phenylene - 4 3 5>6 - 
trinor - as - 7 - nonenoate Acetonide (Formula LXIII, Chart F: G is n-pentyl; J is 



10 



30 



35 



haloethyl is - trichloroethyl^ R 2 and are hydrogen; R 3 , R n > and R 12 are 10 

methyl; and ^ is alpha and endo). 
Refer to Chart F. Successively, ftft^trichloroethanol (25 ml.), pyridine (15 
ml), and N,N'-dicydohexylcarbodiimide (4.0 g.) are added to a solution of Formula- 
LXII compound 9 - [endo - 6 - (1,2 - dihydroxy - 2 - methylheptyl) - 3 - hydroxy- 
15 bicyclo[3.1.0]hex - la - yl] - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - 15 
trmor-m-7-nonenoic acid acetonide (Example 13, 2.0 g.) in 100 ml. of dichloro- 
methane. This mixture is stirred 3 hrs. under nitrogen at 25° C. Water (50 ml.) is 
then added, and the mixture is stirred 10 min. The dichloromethane is evaporated 
under reduced pressure, and the residue is extracted repeatedly with ethyl acetate. 
M The combined extracts are washed with ice-cold 3 N. hydrochloric acid. Then, the 20 
extracts are washed successively with aqueous sodium bicarbonate solution and brine, 
dried, and evaporated under reduced pressure. The residue is chromatographed on 
600 g. of silica gel, eluting with 10 1, of a 20—100% ethyl acetate-Skellysolve B 
gradient, coUecting 250-ml. fractions. The middle fractions which show the presence 
of a product on TLC are combined and evaporated under reduced pressure. The 25 
residue is chromatographed on 200 g. of silica gel impregnated with silver nitrate, 
eluting with 4 1. of a 20—100% ethyl acetate-Skellysolve B gradient, collecting 50- 
ml. fractions. The middle fractions which show a product free of starting materials 
OA ^Lir . are combined evaporated under reduced pressure to give the Formula- 
30 LXIII title compound. 

T ^Tr°l l °^ g ±& procedure of Example 26, but using in place of the Formula- 
LXII 3-hydroxybicyclo[3.1.0]hexane acid acetonide, each of the specific endo and 
exo, alpha and beta, saturated and unsaturated Formula-LXII hydroxy acid ketals 
defined after Example 13, there are obtained the corresponding &ft£-trichIoroethyl 

35 esters of those 3-hydroxybicyclo [3.1.0] hexane acids. ^ 

t v J^w^S * e P rocedure of Example 26, but using in place of the Formula- 
t vSr \ ' h y drox y blc y d °[ 3 - 1 -°]hexane acid ketal, each of the specific Formula- 
LXIV 3-oxo-acid ketals defined after Example 13, there are obtained the corres- 
ponding Formula-LXV ftfyS-trichloroethyl esters of those 3-oxo-acid ketals. 

40 Following the procedure of Example 26 but using in place of the Formula-LXII 4ft 

rv^ r ? xy " acid ketala each of ^ specific Formula-LXVIII 3-hydroxy and Formula- 
LXX 3-oxo acids defined after Example 14, there are obtained the corresponding 
tivery Formula-LXXI Aft/8-trichloroethyl esters of those acids, respec- 

45 Following the procedures of Examples 9 and 3, each of the Formula-LXV 4* 

. _ cyclic ketar haloethyl esters. of _ Example 26 is transformed- to the corresponding - 

Formula-XXXIII 3-oxa or 4-oxa phenyl-substituted PGE X Aft^trichloroethyl ester. 
Thence, following the procedure of Example 23, each of the esters is transformed 
- to the oxa-phenylene PGE X acid compound wherein R l0 of Formula XXXIII is 
50 replaced with hydrogen. 

Following the procedure of Examples 2 and 3 each of the Formula-LXXI olefin 
haloethyl esters of Example 26 is transformed to the corresponding Formula-XL 
oxa-phenylene PGE, &ftj8-trichloroethyi es ter. Thence, following the procedure 
of Example 23, each of the esters is transformed to the corresponding PGE^tvoe 
55 acid compound wherein R 10 of Formula XXXIII is replaced with hydrogen. 

Example 27 

m " 3 T ™" 3 £ ^ inter : J? T ; P hen y lene " *A« - trinor - PGA Z Methyl Ester 
formula XXI: QH 2P and CpH^ are valence bonds in meta relationship; G is 
» n-pentyl; R x is methyl; R 2 , R 3 , and R* are hvdrogen; and ~ is alpha) 
60 A solution of diazomethane (about 50% excess)'in diethyl ether (25 ml.) is added 

to a solution of dl - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGAj 
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(Example 5, 50 mg.) in 25 ml. of a mixture of methanol and diethyl ether (1 : 1). 
The mixture is allowed to stand at 25 C. for 5 min. Then, the mixture is evaporated 
to give the Formula-XXI title compound. 

Following the procedure of Example 27, each of the other specific phenyl- 
5 substituted PGB type, PGA type, PGE type, and PGF type free acids defined above 5 
is converted to the corresponding methyl ester. 

Also following the procedure of Example 27, but using in place of the diazo- 
methane, diazoethane, diazobutane, l-diazo-2-ethylhexane, and diazocyclohexane, 
there are obtained the corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters 
10 of 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGA X . In the same manner, 10 
each of the other specific phenyl-substituted PGB type, PGA type, PGE type, and 
PGF type free acids defined above is converted to the corresponding ethyl, butyl, 
2-ethylhexyl, and cyclohexyl esters. 

Example 28 

15 dW-Oxa^^-m/er-m-phenylene^^^trinor-PGEj Methyl Ester Diacetate. 15 

Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with dl-3-oxa-3,7- 

inter - m - phenylene - 4,5,6 - trinor - PGE! methyl ester (Example 3, 20 mg.), and 

the mixture is allowed to stand at 25° C. for 18 hrs. The mixture is then cooled to 

0° C, diluted with 50 ml. of water, and acidified with 5% hydrochloric acid to pH 
20 1. That mixture is extracted with ethyl acetate. The extract is washed successively 20 

with 5% hydrochloric acid, 5% aqueous sodium bicarbonate solution, water, and 

brine, dried and evaporated to give the title compound. 

Following die procedure of Example 28 but replacing the acetic anhydride with 

propionic anhydride, isobutyric anhydride, and hexanoic acid anhydride, there are 
25 obtained the corresponding dipropionate, diisobutyrate and dihexanoate derivatives of 25 

dl-3-oxa-3,7-in^er-m-phenylene-4,5,6-trinor-PGE 1 methyl ester. 

Also following the procedure of Example 28, but replacing the 3-oxa-3,7-mfer- 

m - phenylene - 4,5,6 - trinor - PGEj compound with 3 - oxa - 3,7 - inter - m - 

phenylene-4 ? 5,6-trinor-PGF 1 „ and -PGF 1/? , and 15-methyl-3-oxa-3,7-:nter-m-phenyl- 
30 ene-4,5,6-trinor-PGF la and -PGF 1/3 , there are obtained the corresponding triacetate 30 

derivatives of the 3-oxa-3,7-mter-m-phenylene-4,5,6-trinor-PGF cmpounds. 

Also following the procedure of Example 28, each of the phenyl-substituted PGE 

type, PGF type, PGA type, and PGB type esters and free acids defined above is 

transformed to the corresponding acetates, propionates, isobutyrates, and hexanoates, 
35 the PGE-type derivatives being dicarboxyacylates, the PGF-type derivatives being 35 

tricarboxyacylates, and the PGA-type and PGB-type derivatives being monocarboxy- 

acylates. 

Example 29 

dl-3-Oxa-3,7-mter-m-phenylene-4,5,6-ttinor-PGEi Sodium Salt. 
40 A solution of dl - 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGE t 40 

(Example 23, in 100 mg.) in 50 ml. of a water-ethanol mixture (1 : 1) is cooled to 5° C. 
and neutralized with an equivalent amount of 0.1 N. aqueous sodium hydroxide solu- 
tion. The neutral solution is evaporated to give the title compound. 

Following the procedure of Example 29 but using potassium hydroxide, calcium 
45 hydroxide, tetramethylammonium hydroxide, and benzyltrimethylammonium 45 
hydroxide in place of sodium hydroxide, there are obtained the corresponding salts 
cf dl-3-oxa-3,7-fM/er-OT-phenylene-4,5,6-trinor-PGEj. 

Also following the procedure of Example 29 each of the phenyl-substituted PGE 
type, PGF type, PGA type, and PGB type acids defined above is transformed to 
50 the sodium, potassium, calcium, tetramethylammonium, and benzyltrimethylammon- 50 
ium salts. 

The various Preparations and Examples given above describe the preparation of 
racemic intermediates and final products. Each of the intermediates and final pro- 
ducts named and defined above is also obtained in each of the enantiomeric forms, 

55 d and 1, by resolution of that compound or by resolution of an intermediate used 55 
to prepare that compound. For example, d - 3 - oxa - 3,7 - inter - m - phenylene - 
4,5,6-trinor-PGA! free acid is prepared by resolution of cH-3-oxa-3,7-mfer-m-phenyl- 
ene-4,5,6-trinor-PGA 1 free acid (Example 5) or by dehydration as in Example 5 
of optically active 3 - oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGE a free 

60 acid with the same absolute configuration. These resolutions are carried out by pro- 60 
cedures known in the art, and may be used to obtain prostaglandin-like materials 
having the spatial configuration of the natural prostaglandins, as typified by the 
following Example. 
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, „ _ Example 30 

PTF M^Tf° n 3 n 0Xa ," inter - m - Fhenylene - 4- nor -PGE, and 
Esters Formula XIV and XVIII: wherein QH-, and C b H; are 
valence bonds m , mete relationship; QH = , is methylene; G is n-pentyl; Rl isVtthyl! 
K => K 3> K,, and R, are hydrogen; and — > is alpha) 

fire ^Sl£° CeSS , s ^- in 9V ? is used to Ae PGi'-type compound 

first. The Formula-XXX cyclic ketal intermediate wherein G is n-pentyl; J is mpouna 

in Jfcw' ^ *i ff, h y dro ? n; Rl< » R »> 311(1 R " are meth yU and ~ is enio and 
10 alpha is prepared following the procedures of Example 9. 

nf r£S ^°T ul T a " : P X ^ 0mp T d 15 resolved 35 its °P tic aI isomers by the method 
of Corey et al., J. Am. Chem. Soc. 84, 2938 (1962), by reacting this keto compound 

^nwT tere °T 1C ke ? k ? e «> m pletely solved on a prepVative chromato- 
graphic column, and are then hydrolyzed separately, followmg the procedure of 15 

&i?xVpGp e X""*'™? P**"*. 'compounds. TrLformSnS £ " 
1 (T tL PGE =:!yP e impounds is accomplished by the procedures of Example 
PC? Sh S^Sf d ! ast 5 reoison1 ^ one corresponds to the configuration of natural 
E? *J , « * 1 t0 r "? enantlom er. Conversion of the PGE-ty^e compound hav- 

xt , ^ Example 31 

25 Natural Configuration 3 - Oxa - 3,5 - inter - o - phenylene - 4 - nor - PGE Merhvl n 
Est* (Fonnula XIII: QH is ethylene; C^ /a valence bond in ormo^attSg 
^ W2r ' is methylene; G is n-pentyl; R, is methyl; R„, R„ and R, are 

a v , ^ hydrogen; and ~ is alpha). Refer to Chart C. 
30 3 oxa ?s , [ ° ' 6 "J 1 T hepteE i yI * 3 " «°bicyclo[3.1.0]hex - 2 a - yl] - 

rw?5." n- ' mter ", V Ph^ne - 4 - nor - heptanoate (Formula XXXVII, 30 
Chart E: G is n-pentyl; R 2 , R 3 , and R 4 are hydrogenf R l3 is methyl; Z is 



35 



40 



and ~ is alpha and endo). 

t hJ^Sfni l 7 ^ -^y dro ?yP ro Pyl)Phenoxy]acetate. To a solution of potassium 
t-butoxide (11.2 g.)_in J50 ml. of dry tetrahydrofuran at 0—5° C is added w£h 35 
stirring 3 - (o - hydroxyphenyl)propanol (152 g.) followed hi a few minutes bv 
methyl bromoacetate (20 g.). The cooling bam is removed and th? mixture S stSed at 
ambient temperature until the reaction mixture becomes essentiauHeuS T The 
C °r nttated ? vac ?° at 30 ° C 30(1 *c residue is shakeJ S" eSr 

wit brine SdWriJ 3 ^ iS J** ^ P otassium hydroxidrsolutioS 40 

water, ope, and is dned over sodium sulfate and then concentrated in vacuo The 
residue is distilled in a high vacuum to afford memylf^fS-h^xypropy^c^] 



45 h^^Jf^ SK " (3 ^ ^ Ioro P ro Pyl)pbenoxy]acetate. A mixture of methyl^ - (3 . 

45 hydroxypropyl)phenoxy]acetate (step A-l, 25 g.) and thionyl chloride QO mA « 
heated to reflux or 1-2 hrs. The 'excess thionyl cWorSTremovS invacStS 
State " d m 3 Wgh VaCUUm t0 ^ m eLhyl[.-(3-cmoropropylSSox?] 

<?n „ki 3 ' Me ^! to " ( 3 " iodo Propyl)phenoxy] acetate. A mixture of methvl 2 - r3 - 

fadS^^?T a< T e (St ? A " 2 > 243 S->' acetone f250 ml) a^d soium 
iodide (30 g.) ,s heated to reflux with stirring for about 40 hrs. The mixSrTfe 



45 



50 



81 



1,343,014 



81 



cooled, filtered and the filtrate is concentrated in vacuo at about 30° C The residue 
is diluted with ether and the solution is washed with water, dilute sodium thiosulfate 
solution, brine and is dried over magnesium sulfate and then concentrated in vacuo. 
The product, methyl [o-(3-iodopropyl)phenoxy] acetate, is used directly in the next 

5 step. 5 
4. Following the procedure of Example 1-B, but replacing the methyl [ra-(chloro- 
mediyl)phenoxy] acetate with methyl [o - (3 - iodopropyl)phenoxy] acetate (step A-3, 
18 g.) and allowing the alkylation reaction to proceed for about 5 min. before acidifi- 
cation with hydrochloric acid, there is obtained the desired Formula-XXXVII 

10 methyl 7 - [endo - 6 - (1 - heptenyl) - 3 - oxobicyclo[3.1.0]hex - 2a - yl] - 3 - oxa - 10 
3,5-*nfcr-0-phenylene-4-nor-heptanoate. 

Following the procedure of Example 30, the above racemic Formula-XXXVII 
compound is resolved as two optically active isomers. These are both transformed 
bv the subsequent steps of this example to the Formula-XIII PGEi-type compounds, 

15 one of which corresponds to the configuration of natural PGE 2 and the other to its 15 
enantiomer. 

B. Methyl 7 - [endo - 6 - {1,2 - dihydroxyheptyl) - 3 - oxo - bicyclo[3.1.0] 
hex - 2a - yl] - 3 - oxa - 3,5 - inter - o - phenylene - 4 - nor - heptanoate (Formula 
XXXVIII, Chart E: G r is n-pentyl; R 2 , R 3 , and R 4 are hvdrogen; R l0 is methyl; 
20 z is . - - 20 



and is alpha and endo). To a solution of methyl 7 - [endo - 6 - (1 - heptenyl) - 
3 - oxobicyclo[3.1.0]hex - 2a - yl] - 3 - oxa - 3,5 - inter - o - phenylene - 4 - nor - 
heptanoate (step A, above, 1.8 g.) in 30 ml. of tetrahydrofuran at 50° is added, with 

25 stirring osmium tetroxide (200 mg.) followed by potassium chlorate (1.2 g.) and 15 25 
ml. of water. The reaction mixture is maintained at 50° for 2 hrs., cooled, the tetra- 
hydrofuran is removed, and the aqueous phase is extracted with dichloromethane. 
The organic layer is dried and concentrated and the residue is chromatographed on 
200 g. of silica gel. The column is eluted with 1 1. of 35% ethyl acetate-benzene and 

30 1 L of 40% ethyl acetate-benzene, collecting 30-ml. fractions. Those fractions con- 30 
taking the Formula-XXXVIII compound, in its isomeric erythro and threo forms, 
free of starting material and impurities, are combined and concentrated. 

C. Title compound.— To a solution of the Formula-XXXVIII dihydroxy com- 
pound (step B, above, 0.8 g.) in 10 ml. of pyridine, cooled to 0°, is added 1.2 ml. of 

35 methanesulfonyl chloride. The reaction mixture is stirred for 2 hrs. and 20 g. of ice 35 
is added. The mixture is extracted with ether-dichloromethane (1 : 1) and the oiganic 
layer is washed successively with dilute hydrochloride acid, water, saturated aqueous 
sodium bicarbonate, and brine, dried, and concentrated. The residue, containing the 
bismesylate, is treated with 15 ml. of acetone and 10 ml. of water and stirred for 

40 8—16 hrs. at 25°. The acetone is removed in vacuo and the remaining solution is 40 
extracted with dichloromethane. The extract is dried and concentrated and the 
residue is chromatographed on 150 g. of silica gel using 500 ml. ethyl acetate 
followed by 3% methanol ethyl acetate as eluting solvent while collecting 30-ml. 
fractions. Those fractions containing the Formula-XL product, free of starting 

45 material and impurities, are combined and concentrated to give the title compound; 45 
principle NMR spectral peaks at 6.57—7.3 (multiplet); 5.42—5.65 (multiplet); 4.60 
(singlet) and 3.76 (singlet) 8. 

Example 32 

Natural Configuration 3 - Oxa - 3,5 - inter - o - phenylene - 4 - nor - PGF lQ iMethyl 
50 Ester (Formula XVII : QH 2c is ethylene; CpH 2p is a valence bond in ortho relation- 50 
ship to C g H 2e ; QH 2cl is methylene; G is n-pentyl; R t is methyl; R 3 , R a , and R4 are 
hydrogen; and ^ is alpha for the carboxyl-containing moiety and for the ring 

hydroxyl). 

Refer to Chart A. Following the procedure of Example 4, the Formula-XIII 
55 PGEHype compound of Example 31 is transformed to the title compound; prin- 55 
ciple NMR spectral peaks at 6.57—7.3 (multiplet); 5.33—5.56 (multiplet); 4.62 
(singlet) and 3.75 (singlet) 
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WHAT WE CLAIM IS:— 
1. A compound of the formula : 



✓OH 



m*~u Rl iS h * d *°& a > afcyl of one to 8 carbon atoms, inclusive, cydoalkvl of 3 to 

gs^jsr, 4 scj- assail i.s£\ss 
saw ^'r^iSSSSFjS 

2. A compound of the formula: 




-=C-CjH 2j ^J 



atoms between -OR L 2 ■ 5 -? a * toms > inclusive, with one or 2 carbon 
Smem 0 ri C ££cR~-CH "ZJ^ * e P S 0 ™° * at total carbon-atom 
valence bond or alk£e of '^Tto 6 caSn^ } T^™ SP* representS a 
carbon atoms between Ae rL^nd the O X' ^w 6 ' Wlth 0De ' 2 ' 3 ' or 4 

3. A compound of the formula : 
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wherein Ri, R 2 , R3, R 4 , R 7 and ^ are as defined in claim 1; wherein QH 2J repre- 
sents a valence bond or alkylene of one to 5 carbon atoms, inclusive, with one or 2 
carbon atoms between — C==C — and the ring; wherein CpH 2p represents a valence 
bond or alkylene of one to 6 carbon atoms, inclusive, with one, 2, 3, or 4 carbon 

5 atoms between the ring and the — 0 — ; wherein C q H 2q represents alkylene of one to 5 
6 carbon atoms, inclusive, with one, 2, or 3 carbon atoms between — O^- and 
— COORi; wherein CjH 2j , CpH 2p , and C 0 H 2q together represent one to 17 carbon 
atoms, inclusive, with total chain lengths one to 3 carbon atoms, inclusive; including 
the lower alkanoates thereof, and the pharmacologically acceptable salts thereof when 

10 Ri is hydrogen. 10 
4. A compound of the formula : 



o ? 2 ry/ 



Cptyp-O-CqHfl-COORi 



wherein Ri, R 2 , R 3J R 4 , R 7 * QH 28 , C p H 2p , CiH 2Q and ^ are as defined in claim 1; 
including the lower alkanoates thereof, and the pharmacologically acceptable salts 
15 thereof when R t is hydrogen. 15 
5. A compound of the formula : 



h CnH 2 (rO-CqH2q-COOR| 
VV" OH 



wherein R l3 R 2 , R 3 , R^, R T , C g H 2w CpHjp, QH 2fI and ~> are as defined in claim 1; 
including the lower alkanoates thereof, and the pharmacologically acceptable salts 
20 thereof when Rj is hydrogen. 20 
6. A compound of the formula : 



wherein K l9 R 2 , R 3 , R 4 , R 5 , R c , R 7 , QH 2j , C p H 2p , C q H 2q and r-> are as defined in 
claim 2; including the lower alkanoates thereof, and the pharmacologically accept- 
25 able salts thereof when R x is hydrogen. 25 
7. A compound of the formula : 



HO. 



HO 



CpH^jj-O-Cqtyq-COORi 



30 



wherein Ri, R 2 , R 3 , R.„ R 7 , CjH 2i , CpH 2p3 C q H 2q and ^ are as defined in claim 3; 
including the lower alkanoates thereof, and the pharmacologically acceptable salts 
thereof when R x is hydrogen. 



30 
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8. A compound of the formula : 



c \ I 7 



w / .... f . 7 



wherein R,R f R 3 , R R„ QH 2w CpH 2p , and ~ are as defined in claim 1; 

indudang tbe lower alkanoates thereof, and the pharmacologically acceptable salts 
tnereof when Ri is hydrogen. 

9. A compound of the formula : 



l ?2 .CpH 2 p-0-CqH 2 q-C00R I 



t 0 



10. A compound of the formula : 

H <r S 

2*?? ^', R i? R \ R \' R " ^» R " ^ H =» CfHip, QH* and ~ are as denned in 
strth^t&fSh^^ 68 *-* » d P^ogically acceptable 

11. A compound of the formula : 



0 




><>« 

rS 



wherein R,, R 2 R,, R R„ Ci H 2j , C^, Q,H 5 , and ~ are as defined in claim 3- 
12. A compound of the formula: 



?2 ^CpH 2 p-0-C,H 2r COOR, 



SfS* "S.*? R " R i? R " C * H =" C p^» Gft, and ~ and as defined in claim 1- 
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13. A compound of the formula: 



wherein R„ R 2 , R 3 , R„ R 7 , QH 2jf , CpH 2p and QH 2q are as defined in claim 1; 
including the lower alkanoates thereof, and the pharmacologically acceptable salts 
thereof when is hydrogen. 

14. A compound of the formula: 



?2 «5«6 _.CpH 2fr 0-^H 2r C00R, 
--C<-CjH 2 j- " 



M 

H X 

R 3 R 7 

wherein R 15 R 23 R 3 , R,, R^ R 65 R 7 , QH 2j , CpH^ and QH 2q are as defined in claim 2; 
including the lower alkanoates thereof, and the pharmacologically acceptable salts 
10 thereof when R t is hydrogen. " 10 

15. A compound of the formula: 

R 2 ^XpH 2 p-0-CqH 2 q-COOR, 
CH-C=C-CjH 2 j-/_^ 

R 3 R 7 

wherein R 13 R 23 R 3 , R 4 , R 7 , QH 2j , QHop and C,,H 2<1 are as defined in claim 3; 
including the lower alkanoates thereof, and the pharmacologically acceptable salts 
15 thereof when R r is hydrogen. 15 

16. A compound of the formula : 



i 2 rV 



,CpH 2 p-0-CqH 2 q-COORj 



CHjrCH-i-R; 

wherein R l9 R 2 , R 33 R 43 R 7 , C S H, K3 C r H 2p and QH 2q are as defined in claim 1; 
including the lower alkanoates thereof, and the pharmacologically acceptable salts 
thereof when Ri is hydrogen. 20 
17. A compound of the formula : 

R 2 <*H 2r O-CqH2q-COOR| 



^7X ^ 
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wherein R 15 R 2 , Rg, R 45 QH 2B , CpH 2p , C q H 2l and — arc as denned in claim 1; 
wherein CtH 2t represents a valence bond or alkylene of one to 10 carbon atoms, 
inclusive, substituted with zero, one, or 2 fluoro, with one to 7 carbon atoms, 
inclusive, between — CR 3 OH — and the ring; wherein T is alkyl of one to 4 carbon 

5 atoms, inclusive, fluoro, chloro, trifluoromethyl, or —OR,, wherein R 9 is hydrogen 5 
alkyl of one to 4 carbon atoms, inclusive, or 2-tetrahydropyranyl and s is zero, one, 2, 
or 3, with the proviso that not more than two T are other than alkyl; and when 
two or three T's are present as substituents they may be the same or different 
including the lower alkanoates thereof, and the pharmacologically acceptable salts 

10 thereof when R x is hydrogen. 10 
18. A compound of the formula : 



?2 ?5 h C p H 2ir O-CqH 2 q-C00R, 



wherein R l9 R 2 , R 3 , R 4 , R 5 , R G , QH 2i , CpH 2p , C a H 2 and <~> are as defined in claim 2; 
wherein C t H 2t , T and s are as defined in claim 17; including the lower alkanoates 
!5 thereof, and the pharmacologically acceptable salts thereof when R a is hydrogen. 15 
19. A compound of the formula : 



.Cp^p-O-CqHa-COORi 



wherein R M R 2 , Rj, R 4 , QH-j, C„H 2 p, CJI, q and — * are as denned in claim 3; 
T and s are as defined in claim 17; including the lower alkanoates thereof, and the 
20 pharmacologically acceptable salts thereof when Rj is hydrogen. on 
20. A compound of the formula : " 



. ?2 CpH 2p -O-C,H 2q -C00R, 



HO 

R4 R 3 



wherein R„ R 2 , R 33 R 43 QH 2g , C p H 2p , CqH 2q and ~> are as denned in claim 1; 
wherein QH 2t , T and s are as defined in claim 17; including the lower alkanoates 
25 thereof, and the pharmacologically acceptable salts thereof when R a is hydrogen. os 
21 . A compound of the formula : 

H0^ C«-C 9 H 29 -^ 



wherein R„ R 2 , R 3 , R 4 , QH 2g , C„H 2pJ Qfi^ and ^ are as defined in claim 1: 
wherein QH 2t , T and s are as defined in claim 17; including the lower alkanoates 
30 thereof, and the pharmacologically acceptable salts thereof when R A is hydrogen. 30 
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22. A compound of the formula: 




wherein R u R 2 , R 3 , R,, R M R 0 , CjH 2J , CpH 2{ „ C,H 2 q and r-> are as defined in claim 2; 
wherein CiH 2 „ T and s are as defined in claim 17; including the lower alkanoates 
5 thereof, and the pharmacologically acceptable salts thereof when R x is hydrogen. 5 
23. A compound of the formula : 



?2 CpHjp-O-CqHzq-COOR, 
HO-j CH-CsC-CjH 2 j-fjf 



HO 




>V 0H cm 



wherein R l3 R 2 , R 3 , R 4 , CjH 2j , CpH 2p , QH 29 and ^ are as defined in claim 3; 
wherein CtH 2t , T and s are as defined in claim 17; including the lower alkanoates 
10 thereof, and the pharmacologically acceptable salts thereof when Rj is hydrogen. 10 

24. A compound of the formula : 

wherein R l5 R 2 , R 3 , R 4 , QH 2g , C P H 2p , QH 2<1 and ^ are as defined in claim 1; 
wherein QH 2t , T and s are as defined in claim 17; including the lower alkanoates 
15 thereof, and the pharmacologically acceptable salts thereof when R x is hydrogen. 15 

25. A compound of the formula : 



?2 ^CpH 2p -0-(<H 2r COOR, 



U / C <>« (T) 



wherein R u R 2 , R 3 , R 4 , QH 2g , CpH 2p , QHoq and ^ are as defined in claim 1; 
wherein QH 2t , T and s are as defined in claim 17; including the lower alkanoates 
20 thereof, and the pharmacologically acceptable salts thereof when R x is hydrogen. 20 
26. A compound of the formula: 
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wherein R„ R 3 R» R R ia R i3 QH si , Q,H 2p , C,H 2 , and - are as defined in claim 2: 
™ rRl' T . and s are as defined in claim 17; including the lower alkanoates 
thereof, and the pharmacologically acceptable salts thereof when R x is hydrogen. 
27. A compound of the formula : 




?2 CpBjp-O-^OOR, 
p-CsC-CjHjj-^X 



,C-C' .OH 



S QH 2 * C<1 H 2 , and - are as denned in claim 3; 

rt^f 2??* S V 1 . asdefined m daim 17; including the lower alkanoates 

thereof, and the pharmacologically acceptable salts thereof when R 1 is hydrogen 

28. A compound of the formula: 5 

R 2 AH 2 p-O-C^H 2 q-C00R, 

•CHj-CH-i-C^-^-^ 
R4 *3 

wherein R x , R 2 , R* R 4 , C E H 2B QH,,, C,H 2q and - are as defined in claim 1; 
wherein C t H 2t T and s are as defined in claim 17; including the lower alkanoates 
thereof, and the pharmacologically acceptable salts thereof when R, is hydrogen 

29. A compound of the formula : 5 ' 



_,CpH 2 p-0-CqH 2 <rCOOR, 



wherein R„ R,, R s , R,, QH :(; , c p H 2a and Cft q are as defined in claim 1; wherein 

j t' T L and s 38 defined 111 c,aim 17 5 including the lower alkanoates thereof, 
and the pharmacologically acceptable salts thereof when R t is hydrogen " 
30. A compound of the formula : 



o fL 1 



fs ^CpHzp-O-C^Hjq-COOR, 



1 BiT^, 



0B m 



wherein R x , , R,, R 3 , R 4 , R SJ R 0 , QHy, CpH 2p and C q H 2q are as denned in claim 2: 
wherein C»H 2t , T and s are as denned in claim 17; including the lower alkanoates 
thereof, and the pharmacologically acceptable salts thereof when R x is hydrogen 
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31. A compound of the formula : 



be: 



R 2 -CpHjp-O-Cq^q-COOR, 



wherein R„ R 2 , R 3 , R„ QH 2J , C p H 2p and C q H 24 are as defined in claim 3; wherein 
C t H 2t , T and s are as defined in claim 17; including the lower alkanoates thereof, 
and the pharmacologically acceptable salts thereof when Ri is hydrogen. 
32. A compound of the formula : 



OH (J) 

wherein R l5 R 2 , R 3 , R 4J CgH 2g , CpH 2p and C q H 2q are as defined in claim 1; wherein 
C t H 2 t, T and s are as defined in claim 17; including the lower alkanoates thereof, 
10 and the pharmacologically acceptable salts thereof when Rj is hydrogen. 10 

33. dl - 3 - Oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGEj methyl 
ester. 

34. dl - 3 - Oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - 15 - beta - VGE X 
methyl ester. 

15 35. dl - 3 - Oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGF la methyl 15 

ester. 

36. dl - 3 - Oxa - 3,7 - inter - m - phenylene - 4,5,6 - trinor - PGF 1/? methyl 

ester. 

37. dl-3-Oxa-3,7-m^r-m-phenylene-4,5,6«trinor-PGAi. 

20 38. dl-3-Oxa-4,7-m/er-t>-phenylene-5,6-dinor-PGF 1 ester. 20 

39. dl - 3 - Oxa - 4,7 - inter - o - phenylene - 5,6 - dinor - 15 - beta - PGE X 
ethyl ester. 

40. A process for producing a compound of the formula : 




25 wherein G is hydrogen; alkyl of one to 10 carbon atoms, inclusive, substituted with 25 
zero, one, 2, or 3 fluoro; alkyl of 2 to 10 carbon atoms, inclusive, substituted with 
4 or 5 fluoro on the omega and omega-minus-one carbon atoms; or a monovolent 
radical of the formula 



30 wherein C t H 2t , T and s are as defined in claim 17; wherein E is — CH 2 CHR 4 or 30 
trans — CH=CR 4 > when J is 

or E is trans CH=CR 4 when J is cis or trans 

— t=C— M— y or — C=C— M— , 
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wherein QH^ represents a valence bond or alkylene of one to 8 carbon atoms, 
inclusive, with one, 2, 3, or 4 carbon atoms between — CHR — and the ring; wherein 
CpH 2p represents a valence bond or alkylene of one to 6 carbon atoms, inclusive, with 
one, 2, 3, or 4 carbon atoms between the ring and the — O— ; wherein CK> 
represents alkylene of one to 6 carbon atoms, inclusive, with one, 2, or 3 carbon 

atoms between -O COOR,; wherein QH 2g , CpH 2fl5 and QH 2q together represent 

one to 20 carbon atoms, inclusive, with total chain lengths one to 5 carbon atoms 
inclusive; wherein M is 



wherein QH 8j represents a valence bond or alkylene of one to 5 carbon atoms, inclu- 
sive, with one or two carbon atoms between 

R s R 6 

— C=C— or — C=C— 

and the ring with the proviso that the total carbon content of — CHr=CR — CH 
does not exceed 8, and wherein C,H 21> QH 2p , and together represent one to 

2L5n°£ a T V d " siv £ tota 1 chain len 8*s one to 3 carbon atoms, inclusive; 
wnerem K la K, 3 K3, R„ R., R ft and ~- are as defined in claim 2; which comDrises 
reactmg a compound of the formula : comprises 



°\J:ii-J-cooR| 



wherein E, G, J, Rj, R 2 , R 3> and ~ are as defined above with a carbonyl reducing 
agent which does not react with ester or acid groups or ethylenic or aceptylenic link- 

41. A process for producing a compound of the formula : 




u'a G 'J 9 *K R2a Rz and ~" are as defined in claim 4 °i which comprises 
acidic dehydration of the compound of the formula : F 

\ ca-J-cooRj 



wherein E, G, J, R w R 2 , R 35 and ^ are as defined above. 
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42. A process for producing a compound of the formula : 




wherein E, G, J, R„ R 2 , Rj and «-' are as defined in claim 40; which comprises 
dehydrating a compound of the formula : 



JH-J-COORj 



HO 



wherein E, G, J, R 3? R 2 , R 3 , and ^ are as defined above, with at least an equivalent 
amount of a carbodiimide and a catalytic amount of a copper LI 17 salt 
43, A process for producing a compound of the formula : 




10 wherein E, G, J, R l3 R 2 , R 3 are as defined in claim 40; which comprises reacting a io 
compound of the formula: 



or 




15 wherein E, G, J, R x> R 2 , and R 3 are as defined above, and ~> indicates attachment 
of the group to the ring in alpha or beta configuration, with a base whose aqueous 
solution has pH greater than 10. 



15 



92 1,343,014 92 

44. A process for producing a compound of the formula : 

^CH 2 CHR 4 --C-G 

wherein D is one of the four carbocyclic radicals: 



15 



5 wherein G u R ls R 2 , R 3 and ^ are as defined in claim 40; wherein L is 



wherein QH 2S represents a valence bond or alkylene of one to 8 carbon atoms, 
mclusiye, with one, 2, 3, or 4 carbon atoms between — CHR*— and the ring; 
wherein C p H 2p represents a valence bond or alkylene of one to 6 carbon atoms, inclu- 
10 sive, with one, 2, 3, or 4 carbon atoms between the ring and the — O— ; wherein 
C q H 2q represents alkylene of one to 6 carbon atoms, inclusive, with one, 2, or 3 carbon 
atoms between -O- and -COOR,; wherein C B H 2fi3 C^, and CJL, together 
represent one to 20 carbon atoms, inclusive, widi total chain lengths one to 5 carbon 
atoms, inclusive; which comprises reducing a compound of the formula: 



wherein D, G, R u R 2 , R 35 and R 4 are as defined above; and wherein J includes L 
defined above, cis or trans 



— C=fc— M— , or — C=C— M- 

wherein M is as defined in claim 40. 
20 45. A process for preparing a compound of the formula : 



10 



15 



20 




wherein G, R 23 R 3J R±, J and ^ are as defined in claim 40; wherein R lQ is alkyl of 
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one to 8 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl 
of 7 to 12 carbon atoms, inclusive, phenyl, phenyl substituted with one, 2 or 3 
chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted in the /?- 
position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; which comprises reacting a 
compound of the formula: 



\iH-0-C00R, 0 



OS0 2 Rj 3 

wherein J, R 2 , Ra, R4, and are as defined above; wherein G is the same as G 
defined above except that is not hydrogen; wherein R w is alkyl of one to 5 carbon 
atoms, inclusive; and wherein *-> indicates attachment of a group to the cyclopentane 
10 ring in alpha or beta configuration, and to the cyclopropane ring in exo or endo con- 10 
figuration; with water in the range 0° to 60° C. 

46. A process for producing a compound of the formula : 

& 

CH-J-CO0R !0 




wherein G, J, R 2 , Rs, R4, Rio and ^ are as defined in claim 45; which comprises 
15 reacting a compound of the formula : 15 




' 0S % R |3 



wherein J, R 2 , R 5 , R 4 , and R l0 are as defined above; wherein G is the same as G 
defined above except that R u is not hydrogen; wherein R ia is alkyl of one to 5 
carbon atoms, inclusive; and wherein ^ indicates attachment of a group to the 
20 cyclopentane ring in alpha or beta configuration, and to the cycloprane ring in exo 20 
or endo configuration; with a combination of water, a base characterized by its water 
solution having a pH 8 to 12, and sufficient water-soluble organic diluent to form 
a basic substantially homogeneous reaction mixture in the range of 40 to 100°G 
47. A process for producing a compound of the formula: 



25 




25 



wherein E, G, J, R 2 , R* and <- are as defined in claim 40; wherein R l0 is alkyl of 
one to 4 carbon atoms, inclusive, which comprises reacting a compound of the 
formula : 




-J-C00R, 



30 wherein E, G, J, R a , R 2 , Ri 0 , and ^ are as defined above; with an oxidizing agent 
which selectively oxidizes secondary hydroxy groups to carbonyl groups. 



30 
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48. A process for producing a compound of the formula : 

NO. ft 

low-cos, 

% OH 



ite^OH ™£ ^'3» Rl ° aDd T ar \ as define d in claim 47; and wherein R lf and 
Z^) S S:^^Z^Z .<* ' «*«-« which comprises the 



5 steps of (a) reacting a compound of the formula : 

mSe^aiw o? 7 To « £ Jf"* ? 8 - is ^ of 0,16 t0 4 ca *™ «oms, 

with a Grigrard reagent of iST^K^ 1 ^!^^!^^^! 
carbon atoms, inclusive and Hal is chloro, bromoT oriodo- £> hvdrolv^ thi 

is a^as^ (c) hydrolyzin8 * e -* ^ A w JSr&? 

£■ l-^i^-inte-o-phenylene^-nor-PGE, methyl ester. 
50. 3-Oxa-3^-wfer-o-phenylene-4-nor-PGE la methyl ester, 
so i P j C !? f 1116 P*P«*"» of a compound as claimed in any of claims 1 
20 *** 50 as herein described with reference to X BkSta 

20 52. A compound as claimed in any of claims 1 to 39, 49 and 1 50 Xn^SS 

by a process as claimed in claims 40 to 48 and 51. prepared 
53. A therapeutic composition comprising as the active ineredient- a r nm r> n ,™A 

zSsizs of c,aims 1 to 39 or 49 > 50 ° r 52 xfsiisassg 
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